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C H A P T E R I 
IJTRODUCTION 
1.1 Jetai dithiolato conplexes. 
Jetai complexes of the unsaturated dithiolato ligand systems 
have attracted considerable attention in the last decade, and 
the physical and chemical properties of these complexes have 
been extensively studied. The liiçands in these dithiolato con-
plexes are derived from cis-1,2-disubstituted ethene-1,2-dithio-
lates or the related benzene-1,2-dithiolates (fig. 1.1). Various 
recently published reviews and discussions (1-8) clearly show 
the interest in and the work done on this part of coordination 
chemistry. The remarkable properties shown by these metal com-
plexes have been thoroughly discussed therein, so reference is 
made to these reports for further details. 
'Us/5 
II 
(a) (b) 
Fig. 1.1 (a) ethene-1,2-dithiolate R = H, alkyl, aryl, CF , CN. 
(b) benzene-1,2-dithiolate R = H, CH , CI, etc. 
о 
Гпе nost striking propert;/ of the Ъіз-I,2-dithiolato complexes 
is their redox behavior, resulting in electron transfer series 
0 —1 —2 
of the type Л(й C_R_)„ ' ' *, vmich 'nenbers are interrelated 
by reversible one-electron steps, ¡any ineirmers in sucn series 
could be prepared, while evidence for the existence of otr.er 
meibers was obtained fron spectroscopic and voltannetric stu-
dies. Crystal and molecular structure deteminations showed 
that within such series a planar stereochenical configuration 
is "laintained. The failure of the assip;nnent of oxidation states 
^ave rise to many discussions on whether the metal ion, the 
li sands or the collective systen is oxidized. 
Tne unsaturated dithio ligands have been divided in two groups 
naving odd and even nunbers of ir-orbitals, respectively (3). 
С с 
'S 
(odd) leven) (odd) 
Tais classification results in the described unique position of 
the 1,2-dithiolates, while the other ligands, viz. 1,1- and 1,3-
dithiolates, are odd and, therefore, should not f;ive reversible 
electron transfer reactions. However, it was recently demonstra­
ted that the metal dithioacetylacetonato complexes undergo re­
versible one-electron reductions (9)· 
Jith the 1,1-dithiolato complexes (fig. 1.2) interesting oxida­
tion reactions were recently carried out in our laboratory. The 
synthesis of the 3r Cu(dtc) (10) , Cu(dtc) 2
+
 (11), li(dtc) + , 
In appendix С a survey is Riven of the aobreviations used to 
indicate the various ligands. 
з 
Іі(гізс) (12), and ','i(dtc) I (13) conplexes has shown that the 
dithiocarbairiate li^and has a stabilizing effect on the unusually-
high oxidation states of these complexes. 
; N — 1 : R—о—с ^
0 
x = c : 
le) 
F i ^ . 1·2 (a) d i t h i o c a r b a n a t e 
(b) xanthate 
(c) X = C=CR 1 , 1 - d i s u b s t i t u t e d e t h e n e - 2 , 2 - d i t h i o -
F ditniocarbi.Tiate 
t r i t h i o c a r b o n a t e . 
X = 
X = S 
1.2 Scope of the present study. 
A conplete electron transfer series of bis-chelate complexes de­
rived from unsaturated liRands consists of five members a-e re­
lated by one-electron transfer reactions: 
-i2" 
\ 
/ 
la) 
м/2 — * [M-X2V2] 
lb) 
[ M - X 2 Y 2 ] 
Id) 
1 + 
1+ 
in whicn Xp Y 0 represents a set of donor atoms X = Y = S or ÎJH 
or Ú, or X = 0 Y = S or X = mi Y = S. 
The terminal reduced member (a) can be considered as derived 
from a divalent metal ion with a dianion, while the oxidized 
form (e) is formulated as derived from M(II) and the oxidized 
form of the lip;and. The oxidized and the reduced form of the 
ligand system thus differ by two electrons: 
) 
+ Ze 
V 
In the series of bis-dithiolenes the neutral species (c) can 
most simply be described in valence bond terms, as a resonance 
structure of two equivalent forms (f) and (•?). "he ir-electron 
delocalization is better visualized in a representation like 
(h), since this indicates some double bond character for all 
bonds in the five-membered rings. 
l'I 191 (hi 
The existence of five oxidation states of the complexes are 
thought to be dependent upon the ability of the li^ands to 
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assume, at least fomally, three oxidation states (dianion, anion 
radical, neutral form) (lO. However, this sinultaneous occur-
rence of electron transfer series and different oxidation states 
of the ligands is merely a description of the behavior of the 
metal complexes, rather than an explanation. 
Contributing valence bond structures for the dithiocarbanato 
complexes are: 
^N-0<>-< ~ >-0<>-"; 
It is clear that dithiolate < > dithione resonance 
forms are not accesible to bis-dithiocarbamates in exactly the 
same way as (f) and (c)· Still, some remarkable electron trans-
fer series (albeit small) were found in this class of compounds 
i.e.Cu(dtc)-+1,0l Br^CuUtc)0·"1 (11), and Fe(dtc)_+1,0 (15). 
'2 
A study of the redox properties of complexes [M-S'S"] in 
which the donor atoms belong to an odd and an even li^and sys-
tem, thus giving complexes in which the metal ion is part of 
a four-membered and a five-membered ring system, miRht make 
a valuable contribution to these discussions. 
Chapter II of the present study deals with the preparation and 
characterization of some mixed 1,1-/1,2-dithiolato complexes, 
[ i'1-S'S"] , of nickel, palladium, platinum, copper and cold. 
The chemical and voltamnetric oxidation behavior of these 
complexes is studied and will be compared with that of the 
parent bis-chelates,[M-SM and [íí-S1/] . 
In the case of the 1,3-dithiolates dithiolate « f dithione 
б 
resonance forms cannot be written either. However, the only well-
studied representatives of this class of compounds, i.e. the 
metal dithioacetylacetonates, have a well-defined capacity to 
accept one or more electrons in a reversible stepwise iianner. 
In chapter III some results of a prelininary investigation con­
cerning a 1,3-dithiolato ligand are given. The preparation and 
characterization of the ligand: hexachloronaphthalene 1,8-dithiol 
as well as some metal complexes derived therefrom are described. 
The study of the redox behaviour of these metal complexes is of 
interest for several reasons. Compared with the dithioacetylace-
tone ligand this 1,8-dithiol has a much more rigid structure 
due to the aromatic rings. Furthermore, the intramolecular 
sulfur-sulfur distance is very short (2.k A) (l6) compared 
with these distances in other dithiolato complexes (7): 
2 BO Â 
These distances largely determine the sulfur-metal-sulfur angle 
and thus the efficiency of the metal-sulfur σ-overlap. 
Chapter IV deals with a subject whicn is not strictly related 
to the preceeding ones. The preparation of a series of com­
plexes all containing the A.u(R dtc) ion is reported. A more 
7 
detailed study of some physical properties of this ion, i.e. 
the electric conductivity in nitrobenzene solutions and the 
infrared active C-N stretching vibration was made. A survey 
of reactions and interconversions among several gold(I)- and 
gold(III)-dithiocarbamates is presented and discussed. 
As the concept concerning the reversibility of electron trans-
fer processes plays an important role in all discussions 
chapter V is devoted to a theoretical and experimental con-
sideration of the reversibility criterion. 
Experimental details are given in chapter VI. 
The investigations described in this thesis have been reported 
for a large part (17-25). 
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C H A P T E R II 
METAL COMPLEXES WITH TWO DIFFERENT SULFUR-CONTAINING LIGANDS 
2.1 Introduction. 
There has always been much interest in metal complexes containing 
different ligands, i.e. mixed metal complexes. As regards the 
group of complexes with sulfur donor ligands, half the work seems 
to be done on mixed metal complexes, particularly with halide 
ions as one of the ligands (26). In this chapter the discussions 
are restricted to bis-chelate complexes with two different li-
gands both containing sulfur donor atoms. 
In the course of our investigations a growing interest in com-
plexes with two different sulfur containing ligands arose. 
McCleverty (h) studied ligand exchange reactions between nickel 
bis-dithiolenes, Ni(S,C,R,)Z and NiíS^C,RÍ)Z. Mixed species 
Ni(S С R )(S С R') were formed to a much greater extent than 
expected for random organization. Using voltammetric techniques, 
Balch (27) showed that in dichloronethane solutions similar li­
gand exchange reactions occurred slowly for other metal dithio-
lenes. 
Rapid exchange reactions between Ni(tfd)p and 'Ii(dtc)p or 
NiiEtxan)« were recently reported by Hermann and Wing (?8). A 
crystallographic structure determination carried out by these 
authors revealed that diamagnetic [ Ni(tfd)(dtc)] is a sulfur-
bridged dimer with square-pyramidal coordination of the nickel 
ion. 
Noordik (25,29) determined the molecular and crystal structure 
of the Au(mnt)(dtc) complex. In these mixed ligand complexes, 
Au(mnt)(dtc), [Ni(tfd)(dtc)]2 and Bu^NCuimnt)(dtc) (30), the 
9 
metal-sulfur distances within the dtc and mnt or tfd ligands are 
essentially the same as those found in the his-dtc and bis-mnt 
complexes of these metals. However, in contrast with the bis-
complexes, the central part of these mixed ligand complexes de­
viates significantly from planarity. 
The reaction mechanism of ligand substitution for Ni(tfd) and 
Ni(dtc) (2θ) and for other square planar nickel(II) (31) and 
palladium(Il) (32) dithiolato complexes was studied. 
In the class of tris-complexes a series of mixed 1,1/1,2-dithio-
lenes were reported (33). Oxidative addition reactions between 
H(R dtc) ? and bis(perfluoromethyl)dithiene, S С (CF ) , resulted 
in the interesting tris-complexes I-Utfd) (Rpdtc)„ (M = Fe, Co, 
Ru) (31+|35)· Several members of the electron transfer series 
Fe(mnt)(dtc) , ζ = 0, -1, -?., were also characterized (33,36). 
The crystal structure of the Fe(tfd)(Et„dtc) compound was re­
cently reported (37). 
Other complexes containing both four-membered and five-membered 
chelate rings, were obtained by oxidative sulfur addition to di-
thioaryl acid complexes and 1,1-dithiolato complexes (38). The 
ring expansion with one sulfur atom has been confirmed by the 
crystal structure determinations of Fe(S CCgH.CH )(S ССЛі.СН ) 
(39) and :Ji(S3CC641|Pr
1)(S2CC6Hl4Pr
1) (l»0). 
Especially the redox behavior of these perthiodithiolate com­
plexes is remarkable: they undergo reversible oxidation, while 
the reduction is irreversible C+l). 
In this chapter the synthesis and characterization of metal bis-
chelate complexes with two different sulfur containing ligands 
will be described. Attention will be given to a much discussed 
(6,1+2) and characteristic feature of dithiocarbamates : the C-N 
stretching frequency. The chemical as well as the voltammetric 
oxidation behavior of the newly prepared complexes will also be 
reported. 
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2.2 Preparations. 
The mixed complexes (summarized in Table 2.1) were prepared 
according to the following methods: 
A. Ligand exchange reactions between two metal bis-complexes: 
ju 1,2-dithiolato complexes with complexes derived from di-
thioacida: 
(DultN)2M(iimt)2 + M(R2dte)2 * 2(3uuN)M(nmt)(R2cltc) 
M = Ni with R = Et, Bu, Ph; M = Cu with R = Et, Ph; 
M = Pd, Pt with R = Bu 
and 
(Et^ Il) Ni(mnt)2 + Ni(Etxan) •> 2(Et¡+N)Mi(nnt ) (Etxan) 
1э. 1,2-dithiolato complexes with 1,1-dithiolato complexes: 
(Ri|Il)2M(nmt)2 + (RuN)2M(cdc)2 -• 2(RuTI)2î-ï(nmt ) (ede) 
M = Ni, Pd. 
However, the platinum and gold complexes, M(mnt) and 
2— il(cdc)p , did not show exchange reactions, not even after 
boiling in acetonitrile for several days. This is in a-
greement with observations made for platinum and gold di-
thiolenes, which showed no scrarrbling reactions, not even 
after 30 days (27). 
c_. 1 ,1-dithiolato complex with a complex derivel from a dithio 
acid 
(Buu:i)2Mi(cdc)2 + -Ji(Bu2dtc)2 •+ 2(3ult'!):ii ( ede ) (3u?dtc). 
These ligand exchange reactions (а, Ъ and c) proceeded snoothly 
by boiling equinolar solutions of the appropriate metal bis-
complexes in acetonitrile for at least 10 hours. Yields up to Tî1> 
were obtained. 
d. The exchange reactions between -letal complexes both derived 
from dithio acids i.e. ''Ii(R_dtc)0 and "ii(Etxan)_ proceeded 
so slowly that no mixed complex could be isolated thus far. 
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Table 2.1 
Physical properties of mixed metal complexes. 
Compound Color mp 
6 b 
л xMio 
cm ohm mol (cgsu) 
M
eff 
3M 
B u 1 |
r I N i ( m n t ) ( E t d t c ) 
B u 1 + N N i ( m n t ) ( B u ? d t c ) 
B u ^ N N i i m n t H P h g d t c ) 
3 u 1 ; N N i ( n m t ) ( H P h d t c ) 
Ыі(ят )(Ви d t c ) 
f } i ( m n t ) ( P h 2 d t c ) 
N i ( m n t ) ( H P h d t c ) C 
E t ^ J r i i d n n t H E t x a n ) 
( P r ^ D ^ i t n n t J C c d c ) 
Bu^NNKcdcJÍBUgdtc) 
Bu. r i C u ( m n t ) ( E t 2 d t c ) 
Bu^NCuimntHBUgdtc) 
Bu^riCuimntJCPhgdtc) 
C u ( n n t ) ( E t d t c ) 
C u ( m n t ) ( 3 u 2 d t c ) 
C u ( m n t ) ( P h 2 d t c ) 
Bu l t NPd(mnt ) (3u 7 d tc ) 
( 3 u ^ ) 2 P d ( m n t ) ( c d c ) 
B u l t N P t ( m n t ) ( B u 2 d t c ) 
Au(mnt ) (E t d t c ) 
A u ( m n t ) ( B u 2 d t c ) 
A u ( n n t ) ( P h 2 d t c ) 
A u ( t d t ) ( B u 2 d t c ) 
A u ( c d c ) ( B u 2 d t c ) 
Au(hcn t ) (Bu d t c ) 
g r e e n 
g r e e n 
g r e e n 
g reen 
b l a c k - g r e e n 
b l a c k 
b l a c k - g r e e n 
g r e e n 
brown 
g r e e n 
da rk brown 
brown 
brown 
d a r k g r e e n 
d a r k g r e e n 
da rk g r e e n 
y e l l o w 
137 
121 
163 
123 
230 
>збо 
>збо 
151 
207 
71 
110 
93 
l l O d e c 
>збо 
>збо 
>збо 
118 
b r o w n - y e l l o w Mh 
brown 
g r e e n 
g r e e n 
g r e e n 
g r e e n 
y e l l o w 
v i o l e t 
122 
267 
138 
зю 
176 
112 
206 
2 0 . 2 
18.9 
18 .9 
1 8 . 3 
2 3 . 2 
52.1+ 
2 8 . 0 
2 0 . 3 
2 0 . 0 
2 2 . 3 
2 1 . 8 
5 3 . 8 
2 2 . 8 
353 
31*6 
20б0 
120U 
9б1 
8U 
28U 
1203 
1676 
817 
137 
lUo 
96 
36U 
51 
67 
d i a 
d i a 
2 . 3 2 
І . 8 3 
1.63 
d i a 
d i a 
1.93 
2 .21 
1.71 
d i a 
d i a 
d i a 
d i a 
d i a 
d i a 
-h . . . 
a. 5·10 molar solutions in nitrobenzene at room temperature 
b. solid state 
c. impure product. 
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B. The reactions of BrJIÍFUdtc) (M = Cu and Au; R = Et, Bu, Ph) 
with Na-mnt in dichloromethane solutions resulted in the 
green diamagnetic crystalline complexes Cu(mnt)(R dtc) and 
Au(nmt)(Rpdtc). The BrpAu(3Updtc) complex also reacted readi-
ly with other 1,1-and 1 ,2-dithiolato Uganda. In this way 
Au(tdt)(Bu2dtc), Au(cdc)(3u2dtc) and also Au(hcnt) (Bu?dtc) 
were prepared. 
C. Voltammetric measurements indicated (section 2.5) that re-
duction of Cu(mnt)(BUpdtc) could be readily accomplished by 
a weakly basic solvent (^3,kO· 
Bu.NCu(mnt)(BUpdtc) could indeed be obtained by reduction of 
Cu(mnt)(BUpdtc) by the solvent from an acetone solution. 
D. Voltammetric measurements also indicated that oxidation of 
some of the complexes described here could be succesful in 
consequence of the reported half-wave potential for the oxi-
dation of Cu(dtc)p and the succesful synthesis of Cu(dtc) I 
(11). Thus, the nickel(IIl) complexes, Ni(mnt)(R dtc) (R = 
Bu, Ph), were prepared by oxidation of the corresponding 
nickel(II) complex with excess iodine in dichloromethane 
solutions. From the oxidation of Tiimnt)(HPhdtc)" with io-
dine in dichloromethane solutions only impure products were 
obtained thus far. 
The absence of absorption bands in the infrared spectra of 
Ni(mnt)(Ph dtc), Hi(mnt)(HPhdtc) and Cu(mnt)(Ph dtc) just 
— 1 below 3000 cm (assigned to C-Η stretching frequencies) 
indicates the absence of the positive ion (R¡i4 ) in these 
compounds and, together with the results of the elemental 
analyses, gives evidence for the proposed formulas. 
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2.3 Characterization of the mixed metal complexes. 
The new complexes are characterized by their melting points, 
elemental analyses and, if relevant, their magnetic moments and 
electric conductances (in nitrobenzene). The analytical data of 
these complexes correspond to the formulas given. The physical 
constants are listed in Table 2.1. 
To establish the ionic character of the prepared complexes elec-
tric conductances were measured. The measured values are in the 
ranrçe which can be expected for 1:1 electrolytes (Λ = 15-30) 
2 _i Ei 
and for 2:1 electrolvtes (Λ = U^-65 cm ohm mole ) in ni-
e 
trobenzene solutions (U5). 
Magnetic susceptibilities and magnetic moments for the solid 
state are also listed in Table 2.1. The monoanionic nickel(II), 
palladium(Il) and platinum(II) and the neutral copper(III) 
complexes are diamagnetic, the normal spin states associated 
with these metal ions in a planar environment. The monoanionic 
copper(Il) and neutral nickel(IIl) complexes are paramagnetic 
and have solid state magnetic moments consistent with one un­
paired electron. The esr spectrum of solid Ni(iimt ) (Bu-dtc) 
revealed the expected three-line pattern, with g = 2.199| g?= 
2.О63 and g = 2.017. 
The results of the recorded electronic spectra are given in 
Table 2.2, those of the bis-mnt and bis-dtc complexes being 
shown for comparison. The spectra of these mixed metal complex­
es, !'(mnt)(dtc)~, differ distinctly from the sum-spectrum of 
2_ 
the bis-complexes, M(dtc) ? and M(mnt) , and thus give addi­
tional evidence for the coordination of the central metal ion 
with two different ligands. 
Table 2.2 
Electronic spectra of mixed metal complexes. 
Complex 
B u l 4 N N i ( m n t ) ( E t 2 d t c ) 
B u ^ M i d i m t H B U g d t c ) 
Bu^NNi ( i i m t ) ( P h 2 d t c ) 
N i ( d t c ) 2 
N i ( m n t ) 2 2 " 
N i ( E t x a n ) 2 
E t ^ M i d n n t H E t x a n ) 
( P r
u
N ) 2 N i ( m n t ) ( c d c ) 
Β α , ^ Ν Ρ ά ί π ι η ΐ ί ί Β α ^ ί ο ) 
Bu^NPdímntJ ícdc) 
Bu l i NPt(ümt ) (Bu 2 d tc ) 
S o l v e n t 
CHCl 
снсі 3 
CH CN 
CHCl 
с н 2 с і 2 
CH 3CN 
CHCI 3 
a c e t o n e 
CHCI 3 
CHCl 
снсі 3 
11*.5 
( s h ^ O ) 
11*.5 
( 3 h ) 
11*.5 
(20) 
1U.5 
(3h^35) 
16.0 
(80) 
11.7 
(30) 
15.5 
(50) 
11*.5 
( sh^20) 
Ht .5 
( s h ) 
18.3 
(shO70) 
19.1* 
( sh^85) 
11.6 
(11*0) 
1 7 . 3 
(66) 
17.1* 
(70) 
17.1* 
(65) 
1 7 . 2 
(75) 
21.1* 
(230) 
1 7 . 5 
( 5 7 0 s h ) 
2 0 . 8 
(1500) 
17 .2 
(58) 
2U.2 
(5800) 
2l*.2 
(5700) 
2І+.0 
( sh^OOO) 
2 2 . 5 
(sh'vSIOO) 
2 2 . 9 
( s h ^ 3 3 0 0 ) 
2 2 . 5 
(7600) 
2 3 . 6 
(1600) 
1 9 . З 
(1250) 
2 3 . 9 
(2700) 
2 3 . 2 
(5200) 
2 1 . 8 
(3500) 
2 8 . 1 
( s h ^ 6 2 0 0 ) 
2 8 . 0 
( s h M 0 , 0 0 0 ) 
2 6 . 2 
(7900) 
25.O 
(8200) 
2 5 . 1 
(7500) 
25-5 
(6000) 
25.I* 
(6100) 
2 1 . 0 
(3800) 
( 2 5 . 7 ) 
26.I* 
(1*700) 
21*.6 
(10,1*00) 
3 3 . 8 
(1*7,000) 
3 3 . 2 
(1*6,000) 
2 9 . 0 
( 1 1 , 1 0 0 ) 
3 1 . 3 
(1*1,250) 
31.1* 
( 3 8 , 0 0 0 ) 
3 6 . 2 
( 3 7 , 0 0 0 ) 
3 0 . 8 
( 3 7 , 1 0 0 ) 
26.1* 
(6600) 
3 1 . 6 
( 2 5 , 0 0 0 ) 
3 1 . 0 
3 7 . 7 
( 2 5 , 0 0 0 ) 
3 7 . 7 
( 1 9 , 8 0 0 ) 
3 9 . 0 
( 3 2 , 5 0 0 ) 
3 9 . 2 
( 3 2 , 5 0 0 ) 
3 9 . 3 
( 3 1 , 5 0 0 ) 
3 1 . 3 
( 3 0 , 0 0 0 ) 
Ref. 
(109) 
Table 2.2 (continued) 
Complex 
BujjNCuCmntHEt^dtc) 
Bu^NCudnnt ) ( Ph d t c ) 
C u ( m n t ) ( E t 2 d t c ) 
C u ( i i m t ) ( P h 2 d t c ) 
C u ( d t c ) 2 
C u ( m n t ) 2 2 " 
A u ( m n t ) ( B u 2 d t c ) 
A u ( m n t ) ( P h 2 d t c ) 
A u ( d t c ) 2 B r 
A u ( m n t ) 2 ~ 
A u ( t d t ) ( B u 2 d t c ) 
A u ( h c n t ) 2 ( B u 2 d t c ) 
S o l v e n t 
CHCI3 
CHCI3 
CHCI3 
CHCI3 
CH 2 CI 2 
C H 2 C I 2 
CHC1-
C H 2 C I 2 
C H 2 C I 2 
C H 2 C I 2 
C H 2 C I 2 
8.6 
(36) 
8 .6 
( 3 3 ) 
8 . 2 
8.6 
(220) 
1 6 . 5 
(1000) 
8 . 3 
(91*) 
1 5 . 5 
(1*0) 
1 5 . 5 
(80) 
2 1 . 5 
(100) 
13.1* 
(55) 
15.1* 
( 5 0 ) 
2 0 . 0 
( a h ) 
23 Λ 
(8600) 
2 2 . 9 
( 1 1 , 0 0 0 ) 
2 3 . 8 
( 2 3 0 ) 
2 5 . 2 
(650) 
2 1 . 7 
(120) 
2 2 . 8 
(1000) 
1 9 . 5 25.O 
(sh-HOOO) (1*000) 
2 3 . 6 
(8350) 
21*.9 
31*.6 
( 1 5 , 7 0 0 ) 
28.1* 
(ЗбОО) 
2 8 . 5 
( 1 6 , 9 0 0 ) 
3 1 . 6 
(1*2,700) 
2 6 . 1 
(2900) 
2 8 . 6 
( B h ) 
3 2 . 0 
( 1 1 , 0 0 0 ) 
2 8 . 8 
(7500) 
28.1* 
( 1 3 , 7 0 0 ) 
2 7 . 7 
3 6 . 7 
( 3 0 , 8 0 0 ) 
3 3 . 8 
( 5 2 , 6 0 0 ) 
32.1* 
( 1 6 0 , 0 0 0 ) 
3 6 . І 
( 3 8 , 7 0 0 ) 
ЗІ*.5 
( 2 9 , 0 0 0 ) 
зз.о 
(W+,700) 
39 .1 
(1*5,000) 
3 1 . 0 
( a h ) 
3 3 . 5 
( 2 2 , 0 0 0 ) 
31.1* 
3 8 . 7 
( 2 3 , 7 0 0 ) 
3 7 . 3 
( 3 0 , 0 0 0 ) 
38.1* 
(1*6,600) 
31*.8 
( 2 0 , 8 0 0 ) 
3 5 . 5 
( 2 2 , 5 0 0 ) 
3 6 . 2 
Ref. 
З 6 . 7 
( 2 3 , 0 0 0 ) 
(1*) 
Absorption maxima in kK. Molar extinction coefficient in parentheses (sh = shoulder). 
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2.k Infrared Study. 
In this section attention will be given to the C-N and CEN 
stretching frequencies observed in the infrared spectra of the 
reported and related netal complexes. 
A. Tfte C-IJ stretching frequency of (dtc) complexes. 
The С-л stretching vibration leads to a strong absorption 
band in the infrared spectrun in the region l600 - 1U0O en 
This frequency was found to be a function of several vari­
ables, the nost important ones being: 
a. the intermolecular interaction of ions in the solid state. 
The effect of anions (Br", PFg", CIO,", Auimnt)", AuBr ~) 
situated near the nitrogen of the dithiocarbatnate, on the 
0- I frequency will be demonstrated for a series of 
Au(R„dtc)- complexes (chapter IV). 
b. the electron releasinrc effect of different groups attached 
to the central metal atom of the complexes is clearly illu­
strated by trie values of the C-'ί frequencies (cm ) in the 
following series of copper(III) and gold(IIl) complexes: 
(¿t dtc)Cu(Et dtc)+ 
(mnt)Cu(Et dtc) 
Br2Cu(r:t2dtc) 
(CH JgAuCJUpdte) 
(tdt)Au(Bu?dtc) 
(Du0dtc)Au(Bu dtc)+ 
(nnt)Au(Bu?dtc) 
3r2Au(Bu?dtc) 
£. the oxidation state of the complex. The increase of the 
C-N frequency as the nonoanionic conplex is oxidized to the 
neutral for'u is shown in the following table: 
1550 
1570 
1580 
1522 
1532 
1550 
1555 
1S65 
(11) 
(U2) 
(79) 
(79) 
IT 
z=-1 
ISIS 
1377 
1370 
1502 
1U80 
1370 
z=0 
1530 
IU20 
li*21 
I57O 
1550 
ІЗ90 
1580 
1560 
:.'i(nnt)(jupdtc)Z 
^i(nnt)(Ph 2dtc)
Z 
:Ji(nnt)(H?hdtc)Z 
Cu(rant)(Et0dtc)
Z 
Cu(nnt)(Hu n t c ) Z 
Cu(nnt)(Ph 2dtc)
Z 
Cuar 0(Ft 0dtc)
Z 
Cuar 2(3u 2dtc)
Z 
An increase of 30 - hO en vas also reported recently for 
a series of Cu(ltc) Z (il), Cu(dsc) Z (23) and re(dtc) Z 
(15) complexes with an increasing charge from ζ = 0 to 
ζ = +1. 
the electron releasing effect of "I-bonded alkyl groups. 
The generally observed decrease of the C-Α frequency 
values with increasinn size of the alkyl groups is also 
found for the l(:nnt ) (R.dtc ) conplexes (see c) and for а 
series of Au(R pdtc) 0 complexes (section П.З)· 
For Ν,Ί-diphenyl substituted dithiocarbanato conplexes 
the C-TI frequencies are found at lower energy due to the 
electron-withdrawing character of the phenyl group. 
The C=C stretching and phenyl ring vibrations are the ori­
gin of several intense absorption bands in the region 
І65О-ІЗОО cm" , in which also the C-'I stretching vibration 
is found. For nixed netal complexes, with 4,n-diphenyl 
substituted dithiocarbanate аз one of the liçands, and for 
sone related compounds, the observed bands with the high-
est intensities in this region are listed in Table 2.3· 
The influence of the central metal atom and its oxidation 
state on the С-ГІ frequency is clear, while the phenyl 
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ring vibrations showed constant values for all these com­
plexes. The C-N stretching frequencies could thus be readi­
ly assigned. 
Table 2.3 
Band frequencies (cm ) of some ^J/J-diphenyldithiocarbamates in 
the s o l i d s t a t e (KBr) between I65O and 1300 c-T . 
N a ( P h 2 d t c ) 
P h ^ t d s 
N i ( P h 2 d t c ) 2 
( B u 1 + N ) N i ( n n t ) ( P h 2 d t c ) 
4 i ( m n t ) ( P h 2 d t c ) 
C u ( P h 2 d t c ) 2 
r I629 
M 600 
1595 
1595 
1590 
1589 
1595 
IU9I1 1U51 
1U88 IU5U 
11*90 1U5U 
1U87 І^ТЗ 1^52 
11+88 1^52 
11*90 1U68 ІІ+ЗІ 
C-N s t r e t c h i n g 
f r e q u e n c i e s 
ІЗ50 
ІЗ25 
1U05 
1377 
1U2O 
1388 
Cu(rant)(Ph dtc) 1590 11*90 11*70 1UU6 1390 
(Bu^OCuírantííPhgdtc) 1590 1U58 ll*52 1370 
A u ( P h 2 d t c ) 
A u ( P h ? d t c ) 2 B r 
A u ( P h 2 d t c ) 2 A u B r 2 
B r 2 A u ( P h 2 d t c ) 
Au(rant)(Ph d t c ) 
1595 
1595 
1592 
1592 
1590 1502 
1U83 
IU9U 
1U88 
11*88 
1U88 
1U60 
1U68 
1U62 
11*60 
11*65 
1355 
11*U2 
11*1*0 
1^55 
11*33 
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The structure of the dithiocarbamates can be represented by 
the following resonance forms: 
"N. + x'S "v. / s "^ ^ 
PN=C^ >-< >-< 
R S' R ^ S R ^ S " 
(la) (ІЫ (Ic) 
It is recognized that resonance form la contributes conside­
rably to the structure of these complexes ( U 6 ) , even more 
than the other two forms (1*7)· The observed data (vide su­
pra, c) strongly suggest that for complexes with the metal 
in a hi(îh oxidation state resonance structure la becones most 
important because these frequencies are closer to the fre-
quency region of a C=N double bond (l6¡+0 - I69O cm ) than 
to that of а С-Ч single bond (1250 - 1350 cm"1). 
The decrease of the C-N stretching frequency as a function 
of the increase of the chain length of the N-bonded alkyl 
groups was recently discussed by Brinkhoff (U2). 
3. The C=N stretching frequency. 
— 1 ?.— 
The frequencies found near 2100 cm for M(innt) " complexes 
-1 2-
0*8) and near 2170 cm for M(cdc)p complexes (I+9) are 
attributed to the C=N stretching frequencies. This was re­
cently confirmed by a normal coordinate analysis of the in-
frared SOectrum of the ÎIi(cdc)0 ion (50). 
. 2-
The same values are found for the mixed metal 'UmntHcdc) 
complexes. In the copper(III) and nickel(III) complexes, 
H(mnt)(Rpdtc), the CiN frequency is found at somewhat 
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higher values (* 10 cm" ). This was also reported for the 
monoanionic M(mnt)_ complexes (U8). 
2.5 Voltammetric study. 
The mixed complexes and some related complexes were investiga­
ted by voltammetric techniques in dichloromethane solutions. 
The electrochemical oxidations were studied on a rotating plati­
num electrode. In the first stage of the investigations the 
voltammograms were recorded twice using two different reference 
electrodes (Table 2.10: an Ag/AgI electrode in dichloromethane 
(51» 52) and an aqueous saturated calomel electrode (normal 
commercial type). Because a constant difference of 0.18 V was 
observed between these reference electrodes, further measure­
ments were made with only the SCE. The measurements were per-
formed with approximately 5.10 molar solutions containing 
0.1 molar Bu.NClO.. 
The slope of log i/(i,-i) vs E was taken as a reversibility 
criterion (Table 2.k), which is 59/n niV for a reversible reac­
tion at 25 · In other series of measurements (Table 2.5) the 
values of Еэ - Ει were taken as such, because only minor diffe-
rences were found with respect to the values of the slopes. 
The listed values of iT/C (Table 2.U) are comparable with that 
found for the oxidation of Niimnt)« · The one-electron trans­
fer reaction found for this complex has been confirmed by syn­
thetic and electrochemical results (53). The assumption that 
the oxidation reactions studied are one-electron transfer reac­
tions is thus justified. 
Bis(dithiocarbamato) complexes. 
In this group only the copper compounds showed a reversible be­
havior. This is remarkably reflected in the preparative oxida-
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tion of dtc complexes, only the copper complex Riving a reac­
tion product of the same stoechiometry, Cu(dtc)9 (11 ), nickel 
(12), palladium and platinum (78) giving tris-complexes, 
H(dtc)_ , with the metal in the oxidation state +U, Moreover, 
it is remarkable that these oxidations could be perfomed 
with iodine, although the oxidation potentials seem to be too 
positive for a reaction with this reagent (56). 
The reversible one-electron reduction of Ni(dtc) is in agree­
ment with the results of Russian investigators (57)· They 
claimed the existence of the neutral Niidtc).. complex, obtained 
in a reaction of Hi(dtc) with excess Bu.tds, on the basis of 
esr measurements. 
Evidence for the formation of goldill) dithiocarbamate complex, 
Au(dtc)p, by the reduction of the Au(Rpdtc)p complexes can be 
found from the i./C values (Table 2.1*). It has already been 
known for some time that this gold(ll) species can be prepared 
in small amounts from a reaction of gold(l) dithiocarbamate 
with excess thiuram disulfide (58). 
The influence of the alkyl group in the bis-dithiocarbamato 
complexes on the Ei values is small but significant. The effect 
2 
is most prominent in the gold complexes. It is remarkable that 
the sequence for Ei values Ph > Et > Bu is reversed for the 
nickel compounds. 
Mixed complexes. 
The half-wave potentials of the mixed complexes are somewhat 
below the mean of the unmixed bis-chelates. All complexes 
— 2-
M(mnt)(Rpdtc) and M(innt)(cdc) showed a reversible one-
electron oxidation. For R = phenyl, however, somewhat higher 
values were found for Ej - E T Still, the complexes M(mnt)(R0dtc) 
with И = Ni and Cu and R = Bu and Ph could be prepared. 
T a b l e 2.U 
Vol tamraetr ic d a t a i n d i c h l o r o m e t h a n e s o l u t i o n s 
Complex p r o c e s s 
vs S CE vs Ag/AgI e l e c t r o d e 
E, s l o p e i T / C 
5 L 
(V) (mV) (wA/nL-l) 
Ei s l o p e i T / C 
5 Ь 
(V) (mV) (μΑ/mM) 
ΔΕ 
(V) 
Nidnnt)^ 
Ni(mnt)(Bu 2 dtc)" 
N i ( B u 2 d t c ) 2 
2_ 
Cu(nmt) 2 
Cu(nmt)(Bu 2 dtc)" 
Cu(Bu 2 dtc) 2 
Br 2Cu(Bu 2dtc) 
Au(mnt) 2 " 
Au(mnt)(Bu dtc) 
Au(Bu 2 dtc) 2 + 
-2 
-1 
0 
-2 
-1 
0 
0 
0 
-1 
0 
+ 1 
—»-1 
—* 0 
—*+1 
— 1 
—» 0 
—>+1 
—»+1 
— 1 
- » - 2 
— 1 
—*· 0 
0.19 
0.U8 
0.79 
0.33 
0.1+7 
1.06 
-0 .55 
-0.61 
-Q,k6 
-0.29 
62 
69 
152 
6k 
69 
72 
d 
6h 
66 
7Θ 
U8 
U0 
1+7 
50 
U5 
U8 
50 
61 
0.37 
0.65 
0 . ! | 1 e 
0.51 
0.65 
1.2U 
-0.1+2 
-0.27 
-0.11 
61 
67 
68 
60 
62 
67 
57 
70 
0.18 
0.17 
0.18 
0.18 
0.18 
0.19 
0.19 
0.18 
A u ( t d t ) ( 3 u 2 d t c ) 
A u ( t d t ) 2 2 " 
A u ( h c n t ) 2 ( n u 2 d t c ) 
Br2Au(BUgdtc) 
A u ( P h 2 d t c ) 2 + 
Au(Me 2 dtc) 2 + 
A u ( E t 2 d t c ) 2 + 
A u ( P r 2 d t c ) 2 + 
0 
-1 
0 
0 
+ 1 
+ 1 
+ 1 
+ 1 
—»-1 
—»-2 
- » - 1 
— - 1 
—»• 0 
—»• 0 
—> 0 
— 0 
-0.37 
-0.52 
-0 .15 
-0.19 
-0 .22 
-0.26 
-0.28 
67 
71 
111 
81 
75 
72 
77 
57 
38 
90 
61 
68 
50 
69 
-0.67 
- 1 . 9 5 f 
-0.35 
-0.02 
-0 .05 
-0.09 
-0.11 
6k 
60 
81 
67 
70 
77 
32 
62 
7 3 
56 
65 
0.20 
0.17 
0.17 
0.16 
0.17 
0.17 
Ы 
a . . -h 
Using approxinately 5.10 molar solutions with 0.1 molar Bu.NClO. as the supporting electrolyte. 
Slope of plot of log i(i -i)" vs. Ξ, which is 59 mV for a reversible one electron transfer at 25 · 
Two different reference electrodes are used, an Ag/AgI electrode and a saturated calomel electrode. 
ΔΞ = Ei (Ag/AgI) - Ет (ЗОЕ) = 0.18 V. 
i ì 
log p lo t i s curved. 
e
 Ref. 51*. 
In DMF vs an Ag/AgC10, reference e l e c t r o d e (55) · 
Table 2.3 
Voltmrunetr ic d a t a i n d i c h l o r o m e t h a n e s o l u t 
Complex 
N i ( E t x a n ) 2 
N i ( m n t ) ( E t x a n ) ~ 
N i ( B u 2 d t c ) 2 
N i ( E t 2 d t c ) 2 
N i ( P h 2 d t c ) 2 
: i i ( m n t ) ( P h 2 d t , c ) " 
N i ( n m t ) ( B u 2 d t c ) " 
N i ( m n t ) ( E t 2 d t c ) " 
N i ( m n t ) ( c d c ) 2 " 
N i ( B u 2 d t c ) 3 + 
P d ( B u 2 d t c ) 2 
P d ( m n t ) ( B u 2 d t c ) " 
P d ( m n t ) ( c d c ) 2 " 
P t ( B u 2 d t c ) 2 
P t ( i i m t ) ( B u 2 d t c ) 
p r o c e s s 
0 
-1 
0 
0 
0 
- 1 
-1 
-1 
- 2 
+ 1 
0 
- 1 
- 2 
0 
-1 
_ » 
—» 
— > 
-* 
— 
—» 
— * 
" * 
-
-~* 
— * 
- » 
+ 1 
0 
+1 
+ 1 
+ 1 
0 
0 
0 
-1 
0 
+ 1 
0 
-1 
+ 1 
0 
Ei (v) 
0 . 8 8 
0 . 8 6 
0 .79 
0 .77 
0 . 7 5 
0.U8 
0.1*6 
0.U6 
0 . 3 8 
0 . 1 2 
1.21 
0.71 
o.6o 
0 . 9 2 
0 . 5 6 
Ε
Γ
Ε
ί 
(mV) 
80 
109 
152 
me 
200 
81* 
68 
62 
58 
69 
11*0 
56 
58 
21*0 
56 
a 
, Ι Ο Π Θ . 
Complex 
C u ( P h 2 d t c ) 2 
C u ( E t 2 d t c ) 2 
C u ( B u 2 d t c ) 2 
C u ( m n t ) ( P h d t c ) 
C u ( i i m t ) ( B u 2 d t c ) 
C u ( i n n t ) ( E t 2 d t c ) 
A u ( P h 2 d t c ) 2 + 
A u ( M e 2 d t c ) 2 + 
A u ( E t 2 d t c ) 2 + 
A u ( P r 2 d t c ) 2 + 
A u ( B u 2 d t c ) 2 + 
A u ( m n t ) ( P h d t c ) 
A u ( m n t ) ( E t 2 d t c ) 
Au(mnt)(Bu d t c ) 
p r o c e s s 
0 
0 
0 
0 
0 
0 
+ 1 
+ 1 
+ 1 
+ 1 
+ 1 
0 
0 
0 
—» +1 
—»· +1 
—» +1 
—». -1 
— • - 1 
—> - 1 
—> 0 
—> 0 
— * 0 
—-> 0 
—»· 0 
t _ 1 
—» -1 
5 
(V) 
0 . 5 2 
0 . 5 0 
0.1*7 
0 .3 1 * 
0 . 3 3 
0 . 3 3 
- 0 . 1 9 
- 0 . 2 2 
- 0 . 2 6 
- 0 . 2 8 
- 0 . 2 9 
-O.Ul 
-0.1*5 
- 0 . U 6 
Ε
Γ
Ε
ΐ 
(mV) 
62 
62 
60 
81* 
68 
68 
81 
75 
72 
77 
78 
60 
60 
66 
a -1* 
Vs SCE using approx. 5.10 molar solution with 0.1 M Bu.NCIO, as the supporting 
electrolyte. 
ro 
•e-
25 
In these mixed metal complexes the influence of the alkyl group 
on the Ei values vanished almost completely. 
i 
The voltammetric oxidation of the Br?Cu(Bu2dtc) complex at I.06 V 
is not reversible, but the i /С value indicates a one-electron 
L 
transfer. The chemical oxidation of BrpCu(dtc) with bromine is 
also a complicated reaction, which ultimately gives the (Bu.bitt) 
(CUpBrv) compound. 
By the reduction of Br-Cuidtc) a less well-defined wave was ob­
tained. Brinkhoff (U2) gave evidence for the existence of a 
(Br Cuidtc))" species, obtained from esr experiments. The 
Br Cu(dtc) complex was reduced with excess bromide ions in a 
chloroform solution. These bromide ions, not present at the vol­
tammetric reduction, may prevent a further disproportionation 
of the (Br Cu(dtc))~ complex. 
The large value of i /С found upon reduction of the similar gold 
complex, Br_Au(dtc), indicates a two-electron transfer, and thus 
the forming of a gold(l) species. 
A comparison of the oxidation waves for the mixed nickel com­
plexes Ni(mnt)(L)z showed, that there was a significant effect 
arising from the ligand L. Thus the Ei values became more po­
sitive in the sequence L = cdc > R_dtc > etxan. A corresponding 
order was recently found for cobalt and iron tris-complexes with 
the same and some related sulfur donor ligands (33). 
The oxidation potentials for the mixed and unmixed bis-chelates 
are dependent on M (Table 2.6). The order of E, values for 
i 
M(mnt)(R2dtc)" and MdUdtc)- complexes Cu < Ni < Pt < Pd is not 
valid for the oxidation potentials of the M(mnt) compounds. 
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Table 2.6 
SL 
Polarographic half-wave potentials for the reaction 
ζ .„ r z+1 
"і^ г 
ML,L„ -»• MI^L + e 
M(Bu 2 dtc) 2 
M(mnt)(Bu 2 dtc)" 
M(mnt)(cdc) 2 " 
M ( m n t ) 2 2 " b 
Cu 
O.U7 
0.33 
0.23 
Ni 
0.79 
0Л6 
О.38 
0 . I9 
Pt 
О.92 
О.56 
0.20 
Pd 
1.21 
O.7I 
0.6ο 
0.1*1 
Au 
-0.29 
-O.I16 
-O.6I 
a
 In CH2C1 vs SCE. 
Ъ
 Ref. 1*. 
Diselenocarbamates. 
The most important results of a recently started study concerning 
the oxidation behavior of some metal diselenocarbamates are col­
lected in Table 2.7· Preparations and physical properties were 
published elsewhere (22,23). 
Table 2.7 
Voltarametric behavior of diselenocarbamato complexes in CHpCl vs SCE 
Complex Ei(V) slope(mV) 
N i ( E t 2 d s c ) 2 
N i ( E t 2 d s c ) ( E t 2 d t c ) 
N i ( E t 2 d s c ) ( m n t ) " 
C u ( E t 2 d s c ) 2 
Cu(Et 2 dsc)(Et d tc) 
A u ( E t 2 d s c ) 2 + 
0.55 
О.62 
0.1*1 
0.2І* 
-0.57 
0 . 3 6 a 
-0.1*3 
132 
112 
76 
56 
69 
63 
ox idat ion 
ox idat ion 
ox idat ion 
ox idat ion 
r e d u c t i o n 
ox idat ion 
r e d u c t i o n 
Impure compound. 
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The half-wave potentials of the diseleno complexes, M(dsc)?, 
are found at values about 200 mV lower than those of the ana^ 
logous sulfur compounds, M(dtc)?. Differences of 2б0, 220 and 
170 mV are observed for copper, nickel and gold, respectively. 
For the mixed ligand complexes, Ni(dsc)(dtc) and Ni(mnt)(dsc)~, 
these potentials are like those for the analogous sulfur com­
pounds about half-way between the potentials found for the un­
mixed bis-chelates. 
The reversible, or otherwise, redox behavior of these complexes 
will be discussed in chapter V. 
2.6 Concluding remarks. 
The physical properties, (melting points, spectra, electric 
conductances, magnetic behavior), the elemental analyses and 
the chemical and electrochemical behavior together demonstrate 
that the mixed metal complexes can be formulated as ML,.!^  com­
pounds. The metal atom is coordinated by four sulfur atoms be­
longing to two different Uganda. This was confirmed by a crys-
tallographic and molecular structure determination of two of 
these complexes, Au(mnt)(Bu dtc) (25,29) and Bu^NCuimnt)(BUpdtc) 
(30). 
In view of the relatively well-known oxidation behavior of 
bis(mnt) and bis(dtc) complexes, it was not unexpected that 
some of the mixed complexes could be oxidized by one-electron 
reactions, thus generating the electron transfer series 
M(mnt)(R dtc)0*"1 (M = Ni, Cu, Pd, Pt, and Au). 
The differences in bonding between 1,1- and 1,2-dithiolates 
were recently discussed in terms of the extent of metal-ligand 
ir-bonding, as well from differences observed in the steric geo­
metries (7,29). These differences in bonding are reflected in 
the values found for the Polarographie oxidation potentials 
28 
(Table 2.1+ and 2.5; see also Fig. 5·6). The differences between 
the E-, values of the bis (rant) complexes are small and indicate 
2 
that the central metal ion has a negligible influence. For the 
bis(dtc) complexes the influence of the central metal ion is 
obvious because these Ei values cover a range of 0.7 V. 
The Polarographie reduction of metal bisdithioacetylacetonato 
complexes has also been discussed in terms of changes in oxida-
tion state of the central ion, although the delocalization of 
electronic charge over the whole complex is recognized (9). 
The mixed metal complexes M(mnt)(dtc) exhibit an intermediate 
behavior, the Ei values being nearly equal to the algebraic 
mean of those of the unmixed complexes. A further discussion 
concerning the reversible (or otherwise) behavior of these 
complexes will be given in chapter V. 
29 
C H A P T E R III 
METAL COMPLEXES OF HEXACHLORONAPHTHALENE 1,8-DITHIOL 
3·1 Metal complexes with зіх-membered rings. 
Bis-chelate metal complexes, [M-S,], with зіх-membered rings 
have been prepared and characterized; they are mainly derived 
from 1,3-dithione ligands, i.e. dithioacetylacetone and deri­
vatives, and dithiohiuret (8). X-ray structure determinations 
have shown that the nickel complexes derived from these ligands 
have a planar structure. In the nickel and palladium dithiobi-
ureto complexes short interligand S-S distances were observed 
(2.84 and 3.16 A, respectively) indicating weak bonding inter­
actions. 
Interesting metal bis-chelate complexes of the monoanionic 
imidodithiophosphinate and methinodithiophosphinate ligands 
have recently been prepared and investigated (8,59)· The spec­
tral and magnetic properties indicate that the neutral metal(II) 
bis-complexes of iron, cobalt and nickel are tetrahedral in 
the solid state as well in solution. An X-ray determination 
clearly established the nickel complex, Ni(SPMe_NPI4e2S)2, to 
be tetrahedral in the solid state (6θ). This seems to be the 
first example of a non-planar [NiS,] complex. 
The motives for investigating some other 1,3-dithiolate ligands 
were discussed in chapter I. In addition, no metal complexes 
derived from a dianionic 1,3-dithiolato ligand were prepared 
thus far. 
In this chapter some preliminary results are described con­
cerning the synthesis and physical properties of some bis-
chelate metal complexes derived from hexachloronaphthalene 
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1,8-dithiol, but first the preparation and characterization of 
the ligand will be discussed. 
3·2 Preparation and characterization of the ligand. 
Hexachloronaphthalene was obtained by exhaustive chlorination 
of naphthalene in the presence of 2-3$ iron powder as the cata­
lyst. Hexachloronaphthalene 1,8-disulfide was prepared by the 
reaction of С1ПС1о with sodium persulfide, Na^S (x = 2-1*), the 
reactants being refluxed for several hours in benzene-ethanol 
mixtures (6l). 
Hexachloronaphthalene 1,8-dithiol was prepared by the reduction 
of the disulfide with a five-fold excess of NaBH. in ethanol at 
room temperature. The reduction proceeded rather slowly (at 
least 12 hours were necessary), and a quantitative conversion 
was never achieved. The excess NaBHi was destroyed with dilute 
aqueous hydrochloric acid. The precipitated dithiol was filtered 
off, washed and used as such without further purification. As 
the dithiol is easily oxidized by air, especially when dissolved, 
the preparation was carried out in a nitrogen atmosphere. 
The dithiol was identified by its infrared spectrum, especially 
by the absorption band at 25б0 cm" which is characteristic for 
v(S-H). Further evidence was obtained from the recorded mass 
spectrum which showed a molecular ion peak at m/e = 39^ (for 
« Ί Ο
3 5
^ · 
The voltammetric oxidation and reduction of the hexachloro­
naphthalene 1,8-disulfide was studied and compared with the re­
sults obtained for naphthalene 1,θ-disulfide (Table 3.1)· The 
one-electron oxidation and reduction of the latter compound ge­
nerates the cation and the anion radicals, respectively, the 
existence of which was confirmed by esr measurements (16). 
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The oxidation of the chlorinated compound occurred at a poten­
tial which was 0.U5 V more positive than the oxidation potential 
found for CinH/-Sp, while for the reduction potentials nearly the 
same values were found (A further reduction of C^H^S occurred 
at a potential of -1.21* V). These differences might be explained 
with the conclusions obtained from molecular orbital calcula­
tions made for C.^H^S^ (16). These calculations revealed that 
10 о 2 
Table 3.1 
Voltarametric 
Compound 
C 1 0 C 1 6 S 2 
C 10 H 6 S 2 
behavior 
Solvent 
C H 2 C I 2 
DMF 
C H 2 C I 2 
DMF 
of naphthalene 
Oxidation 
Ei Ej—En 
г 5 5 
(V) (mV) 
1.38 60 
0 . 9 3 е 52 
dis 
h 
lul f ides a 
Reduction 
El 
(v) 
-0.98 
-0.91 
-1.02 
-1.2U 
- 0 . 9 7 d 
b Ea-E¿ 
(mV) 
36 
82 
52 
kk 
50 
a -h 
Approximately 5.10 molar solutions with 0.1 molar Bu.NClO. 
as the supporting electrolyte. Oxidations with a rotating 
platinum electrode, reductions with a dropping mercury elec-
trode, both versus a SCE. 
Reversibility criterion, which is 56 mV for a reversible one-
electron reaction at 25 « 
C
 0.95 V vs SCE in CH CN (16). 
d
 -O.98 V vs SCE in DMF (16). 
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the lowest unfilled orbital is a o-antibonding orbital of pre­
dominantly p-character which is localized on the sulfur atoms. 
For C10ClgS this may also be true, in view of the small diffe­
rence between the reduction potentials of the disulfides. 
The highest filled molecular orbital in С H^ -S belongs to a 
тг-system, which is delocalized over the entire molecule. The 
relative positions of the energy levels may be altered by sub­
stitution of the hydrogen by the more electronegative chlorine 
atoms, thus remarkly changing the oxidation potential. 
Thelin (6l) reported that hexachloronaphthalene 1,8-disulfide 
could be reduced with zinc and acetic acid. Repeating these 
experiments with acetic acid and hydrochloric acid we obtained 
2i3,5,6.7-hexachloronaphthalenethiol, C^HClgSH, (mp 202°). 
This product was identified by two characteristic bands in the 
infrared spectrum: v(S-H) = 2590 cm" and v(C-H) ^. = 
. aromatic 
ЗО70 cm" . Moreover, in the mass spectrum a molecular ion peak 
35 
m/e = 36U (for C i nH C1/-SH) was observed, confirming the sub­
stitution of a sulfur atom by a hydrogen atom during the re­
duction of the dithiol. A molecular weight determination re­
sulted in a value of 377· 
The monothiol reacted readily with BrpAu(3u?dtc), forming a 
complex with composition Au(hcnt)p(BUpdtc), thus giving addi­
tional evidence for the proposed reduction of the disulfide 
to the monothiol. In the proton NMR spectrum of this gold com-
plex a resonance signal at δ = 9·ο ppm was observed . This 
signal is attributed to the (CH) . group. 
The proton NIIR measurement was performed using a VARÍAN HA-100 
spectrometer operating at 100 MHz. 
I am grateful to Mr. J.F.M. Mous for carrying out this measure-
ment. 
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Table 3.2 
Band frequencies of naphthalene and derivatives in the region 
T00-200 cm - 1. 
Naphthalene 615m U8lvs l*73vs 362s 
Naphthalene 567s 530m 390s 378s З^т 215s 
1,8-disulfide 
Octachloro- 690s 663s, 6U3m бОЗт 5б5 з 5'*1m 338m 295m 
naphthalene Ъг 
Hexachloro- 690m 670s 630w 603m 5689 U05s 273w 
naphthalene 
1,8-disulfide 
Hexachloro- 666m 6U8s 598m 577m 557з 5 3 ^ U03w 337m 281+m 
naphthalene 
1,8-dithiol 
Hexachloro- 581+s 5l+8s 510m 
naphthalene 
monothiol 
The spectra were recorded in Csl discs; 
s = strong; m = medium; w = weak· 
The infrared frequencies ohserved for the disulfides and related 
compounds in the region 700-200 cm" are listed in Table 3.2. In 
view of the assignment of the absorption bands at 557 and 
1+35 cm" to \)(S-S) in the spectrum of 3,5-dimethyl-1,2-dithiolium 
cation (62), the band at U05 cm" for c 1 Q
c l g S o a n d a t 390 cm" for 
С
 0H,S may be attributed to this sulfur-sulfur stretching fre­
quency. 
3h 
3t3 Metal complexes of hexachloronaphthalene 1,8-dithiol. 
When bivalent metal halide solutions are added to the orange 
colored sodium dithiolate solution deeply colored products are 
formed. These dithiolate solutions were obtained by dissolving 
the dithiol in ethanol containing one equivalent of sodium e-
thanolate. Crystalline complex salts were obtained by adding 
a large cation. The dark violet [ Me«N] Ni(hcndt) and 
[Bu,N] IJi(hcndt)2 and the yellow [ Bu, N] Zn(hcndt) and 
[ PhiP] Zn(hcndt)p were prepared in this way. From a reaction 
of KpPdCli with [Bu.N] Zn(hcndt)p in aqueous acetone solution 
a brick-red palladium complex, [BUIN] Pd(hcndt) , could be iso­
lated. Satisfactorily analytical data were obtained for these 
complexes (section 6.3). 
No analytically pure sample of a platinum complex has yet been 
isolated, but the infrared spectrum in the region ЗООО-^ОО cm" 
is identical with those of the nickel and palladium analogs, 
thus strongly suggesting identical structures. 
Magnetic measurements on solid [ Bu>N] Ni(hcndt) and 
[BuiN] Pd(hcndt)- have shown these complexes to be diamagnetic 
Q 
as can be expected for a planar d configuration. 
From electric conductivity measurements with [ Me. N] Niihcndt)« 
2 -1 -in nitrobenzene an equivalent conductance Л = 27·3 cm ohm eq. 
was found. А Λ vs /C plot gives a line with a slope of -158, 
which is close to the theoretical value for a 2:1 electrolyte. 
2 -1 -1 
For [Bu. N]2Zn(hcndt)3 in acetonitrile Λ = lUl.T cm ohm eq. 
was found with a slope of -T55, also pointing to a 2:1 electro-
lyte. 
Calculated slopes for nitrobenzene: 1:1 electrolyte: -66; 
2:1 electrolyte: -127; 2:2 electrolyte: -250. 
For acetonitrile these values are -377, -80U and -1262, res­
pectively. 
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In the region hkO-300 cm , characteristic for metal-sulfur 
stretching vibrations (63), strong absorption bands are ob­
served at 378 and 323 cm" for the zinc complex and at 383 and 
317 cm for the palladium complex. However, the nickel complex 
showed only a very weak band at 322 cm . 
The absorption band at U05 cm appearing in the spectrum of 
the disulfide and assigned to v(S-S) was absent in the spectra 
of the metal complexes. 
2-
Voltammetric measurements performed on Ni(hcndt) revealed an 
irreversible oxidation at 1.01 V vs SCE in dichloromethane 
(E3 - Εη = 72 mV) and at LSI V vs SCE in dimethylf ormami de so­it s 
lution (E3 - Ει = 75 mV). 
The chemical oxidation behavior of the nickel complex was 
studied by treating it with bromine or iodine in dichloromethane 
solution. The oxidation resulted in disulfide formation and no 
evidence for a monoanionic species was obtained. 
By the voltammetric reduction of the nickel, palladium and zinc 
complexes at a dropping mercury electrode in CH-Cl. solution 
the same half-wave potentials were found for these complexes: 
Ei = -0.82 V vs SCE with Ез - E} = 52 mV. These values are the 
true reduction potentials of the complexes themselves, while 
for the reduction potential of the oxidized form of the ligand 
even a lower value was observed (Table 3·1)· This suggests that 
the electrons added by reduction of the M(hcndt)? complexes 
enter a molecular orbital of predominantly ligand character. 
The electronic spectra of CH CI solutions of [ Bu. Я] Ni(hcndt) 
and С Cl¿S are given in Fig. 3.1· Concentrated acetone solu-
tions of the nickel complex showed no absorption bands in the 
region 15,000-6500 cm- . 
In view of the results described in this chapter it seems al-
most sure that in the prepared complexes the metals coordinate 
зб 
with the sulfur atoms of the hexachloronaphthalene 1,8-dithio-
late ligand. 
Since the [ Ni-S. ] z systems are known to have an essentially 
planar coordination geometry and considering the demonstrated 
diamagnetism and the observed spectral data of the isolated 
nickel complexes, a planar coordination also seems to Ъе the 
most probable structure for these compounds· Because of the 
short intraligand sulfur-sulfur distance the nickel-sulfur 
distances are assumed to be increased (as compared with those 
in the nickel dithiolenes), resulting in a reduction of the 
local symmetry around nickel to D „ · 
The resolution of the molecular and crystallographic struc­
ture of the [Bu.N] Ni(hcndt) p complex will therefore be of 
interest. 
[Bu^Mhcndt);] 
б
52 
4 \ 
Ч^ 
s\ 
/ 
4 
U) 35 
kK 
30 25 20 15 
Fig. 3.1 - Electronic spectra of С ClgS and [Bu^N] 2Ni(hcndt) 2. 
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C H A P T E R IV 
PREPARATIONS, PROPERTIES AND REACTIONS OF 
BIS(N,N-DI-ALKYLDITHIOCARBAMATO)GOLD(III) 
COMPOUNDS 
U.I Introduction. 
The characterization of the AuÇRpdtc)^ ion could he considera-
bly extended after the resolution of the crystal structure of 
the Au(Bu?dtc)?AuBr complex {6k). In this chapter we will re-
port the preparation of a series of complexes containing the 
AuÍBUpdtc) ion with several univalent negative ions. The in-
fluence of some negative ions on the polarization of the C-N 
bond is discussed in terms of the increased C-N stretching fre-
quencies of the dithioearbamate ligand observed in the infra-
red spectra in the region UOOO-650 cm . The infrared spectra 
were recorded in the crystalline state aa well in chloroform 
solutions. Some results obtained from the infrared spectra in 
the region 700-200 cm" are also given. 
So as to establish the ionic character of these complexes elec-
tric conductivity measurements were carried out in nitrobenzene. 
Limiting ion conductivities based indirectly on tetraisoamyl-
aramonium tetraisoamylborate as reference electrolyte have been 
reported (65). However, because they were calculated from mea-
surements in acetonitrile, we measured the single ion conducti-
vities of some of these ions in nitrobenzene. 
The chapter concludes with a discussion of the reactions and 
interconversions among several gold dithiocarbamato complexes, 
i.e. [Au(dtc)]2, Au(dtc)2X, Br2Au(dtc), (BujbittHAuBr,^, 
Au(dtc),, Au(mnt)(dtc). 
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h.2 P r e p a r a t i o n s . 
The new complexes, a l l conta in ing the b i s ( N , N - d i - a l k y l d i t h i o -
c a r b a m a t o ) g o l d ( I I I ) i o n , Au(Rpdtc)„ , are l i s t e d in Table U . I . 
Table U.I 
Au(R dtc) X complexes 
Au(H2dtc)2Br 
Au(Me2dte)2Br 
Au(Me2dtc)2AuBr2 
Au(Et2dtc)2Br 
Au(Et2dtc)2AuBr2 
Au(Pr2dtc)2Br 
Au(Pr2dtc)2Au3r2 
Au(Ph2dtc)2Br 
Au(Ph2dtc)2AuBr2 
0 
mp С 
збо 
2U8dec. 
266dec. 
136 
IU9 
157 
120 
26U 
268 
Au(Bu2dtc)2Br 
Au(Bu2dtc)2C10u 
Au(Bu2dtc)2PF6 
Au(Bu2àtc)2Au3rh 
Au(Bu2dtc)2CuBr2 
Au(Bu2dtc)2AgBr2 
AuiBUgdtcJgBPh^ 
Au(Bu2dtc)2Au(iimt)2 
Au(Bu2dtc)2Au(tdt)2 
mp 0C 
136 
138 
157 
118 
16U 
I69 
160 
169 
13U 
For these preparations several methods were used: 
- with an ion exchange resin in nitrobenzene or dimethylsul-
foxide the anion in Au(Bu?dtc) AuBr2 was replaced by Br", 
C 1 0 u " · P F 6 ~ · 
- oxidation of AuBr in diluted solutions with a half or one 
equivalent of Ν,Ν,Ν1.N'-tetra-alkylthiuram disulfide according 
to the reactions : 
AuBr" + j R^tds ·* 
AuBr + R,tds 
Au(R2dtc)2AuBr2 
R = Me, Et, Pr, Bu, Ph. 
Au(R 2 dtc) 2 Br 
R = H, Me, E t , Pr , Bu, Ph. 
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- by meta thes i s or p r e c i p i t a t i o n r eac t i ons the Au(Bu?dtc) X 
complexes were obta ined , where X = AuBr. , BPhi", Au(mnt) ~ 
and Au( td t )p · 
- by complexation: 
Au(Bu2dtc) Br + AgBr •*• Au(Bu dtc) AgBr 
- by reduction of a copper(II) compound in accordance with 
the following reactions: 
Au(Bu2dtc)2Br + CuBr ·+ Au(Bu2dtc)2CuBr2 + ? Br2 
Au(Bu dtc) + (Bu,bitt)(Cu Brg) •* 2 Au(Bu dtc) CuBr + 
+ other, unknown products. 
In the last reaction but one copper(II) is reduced in the pre-
sence of excess bromide ions in accordance with the observa-
tions of Faye (66)· Faye reported that rapid reduction of 
copper(II) to copper(I) occurs in acetone solutions when the 
- 2+ 
[ Br ]/[ Cu ] ratio is in the range 1 to 150. In the last re-
action not only copper(Il) is reduced, but also the 
2+ (Buibitt) ion, which is present in (Bu.bitt)(Cu Br,-) (67). 
U.3 Infrared study. 
U.3.1 The C-N Stretching Frequency. 
The C-N absorption bands observed in the infrared spectra for 
the AufRpdtc) X complexes are given in Table k.2. 
These data show that a distinct difference in C-N stretching 
frequency exists between the solids and the chloroform solu-
tions of the Au(Bu dtcLX complexes with X = Br~, PFg", CIO,", 
and AuBr.~. The increase in C-N frequency can be explained by 
assuming an increased positive charge on the nitrogen induced 
by these anions in the solid state. In view of the crystallo-
graphic position of the bromide ion such a direct inductive 
Table U.2 
C-N s t r e t c h i n g f requencies (cm~ ) for Au(R 2dtc) 2X complexes in t h e c r y s t a l l i n e s t a t e and in 
chloroform s o l u t i o n . 
AuiBiigdtcJgX 
X s o l i d s o i n R 
Au(R 2 dtc) 2 3r 
solid soin 
Au(R2dtc)2Au3r2 
solid soin 
Br 
cio
u
" 
Р 
AuBr^' 
CuBr2" 
AgBr2" 
AuCl2" 
AuBr2" 
Aul 2 " 
Au(mnt)2~ 
Au(tdt) " 
1575 
1565 
1565 
1565 
1550 
1550 
1550 a 
1550 a 
1550 a 
1550 
1550 
15Vr 
ISM 
I5W 
151*5 
^5hз 
15^3 
15U5 
15U5 
лъ\г 
15^7 
15^1 
H { 
Me { 
Et 
Pr 
Bu 
Ph 
1U75 
1U55 
1600 
1550 
1550 
is'+o 
1575 
1UU2 
i n s o l 
I58O 
I5U6 
151+5 
15^7 
1U30 
Me 
Et 
Pr 
Bu 
Ph 
1565 
1570 
1550 
1550 a 
lUUo 
i n s o l . 
I5U6 
15^2 
I5I+5 
1U3O 
o 
a
 Ref. 6)*. 
Ui 
effect ia reasonable, for the bromide ion is situated near the 
nitrogen between the butyl chains (17)· 
Since the AgBr" ion in the Au(Bu2dtc) AgBr complex is located 
close to the sulfur ators of the dithiocarbamate (68), and be-
cause in the Au(oUpdtcîp'U^mnt)0 complex the cations and anions 
alternate in rows with a nutual distance of approximately 5 A 
(69), these anions cannot influence the charge of the nitrogen. 
As the same C-N frequency is found (I55O cm" ) for all com-
plexes Au(Bu2dtc)2X with X = Cu3r ~, AgBr ", AuCl ", AuBr ~, 
Aul„ , Au(mnt)„ , and Au(tdt)p we conclude that there is no 
interaction between these anions and the nitrogen in the crys-
talline state. The absence of these interactions in chloroform 
solutions is concluded from the constant value (15^ 1+ cm ) 
found for all Au(Bu?dtc)?X complexes. 
For the diethyl and dipropyl dithiocarbamates there is surpri-
singly a reversed effect: the C-N frequency of the Br" complexes 
is even lower than that of the AuBr ~ compounds in the solid 
state. This may be ascribed to the different positions of these 
negative ions. Due to the shorter chain length, the location 
between the ethyl or propyl groups no longer seems favourable, 
this in contrast with the butyl substituted dithiocarbamates. 
In chloroform solution the Au(R dtc) compounds (R = Et, Pr, 
— 1 
Bu) all show a constant C-N frequency (ІЗ1*1* cm ). A nearly 
constant frequency ascending the homologous series is found 
for the cupric N,N-di-alkyldithiocarbamates (CuÍRpdtc)«; 
R = Et, Pr, Bu) (U6). 
When R = phenyl, the C-N frequency is found at lower energy in 
the solid state and in solution as could be expected for an 
electron-withdrawing group. The assignment of the C-N frequen-
cies for Ν,Ν-diphenyl substituted dithiocarbamato complexes 
was discussed in chapter II. 
k2 
The C-N values found for t h e Au(Hpdtc)pBr complex can be com­
pared with those r e p o r t e d (1*7) for Pt(H dtc) a t 11*38 and 
II+2U cm" 1 . 
U.3.2 Metal-halogen and gold-sul fur s t r e t c h i n g f requencies . 
The Au(R ? dtc) p X complexes a l l show a s t r o n g absorpt ion band a t 
— 1 -1 
З83-З76 cm for R = Me, E t , P r , Bu} a t 39б cm for R = H and 
a t 3^5 cm" for R = Ph. These are ass igned t o the gold-sul fur 
s t r e t c h i n g mode according t o Coates ( 7 0 ) . 
For the l i n e a r i o n s , CuBr„ , AuBr„ and o t h e r s , symmetry D , 
* 2 " 2 <»h 
d i c t a t e s t h r e e normal modes of v i b r a t i o n Σ , Σ , Π , the l a s t 
g * u * u' 
two of which are infrared active. The low energy bending vibra­
tions , Π , are expected below 200 cm and could not be observed 
because of instrumental limitations. The values of the metal-
halogen stretching frequencies, Σ , are listed in Table 1+.3. 
U
 -1 . 
For the AuCl complex the band at 350 cm is assigned to 
v(Au-Cl). For the AuBr ~ complexes the gold-bromine stretching 
frequencies are found at 2U5-256 cm also in accordance with 
data given by Coates (70). The ratio of the metal-halogen fre­
quencies, v(Au-Br)/v(Au-Cl) = 25І/З5О = 0.72 is the same as the 
square root of the ratio of the reduced masses, 
A w(Au-Cl)/y(Au-Br)] = 0.7З. 
For the CuBr ~ and AgBr ~ complexes strong absorption bands 
-1 
are found at 325 and 238 cm , respectively. Considering again 
only mass effects and with v(Au-Br) at 251 cm , the calcu­
lated values are 318 cm~ for v(Cu-Br) and 279 cm" for v(Ag-Br). 
Only the copper-bromine stretching frequency agrees well with 
the observed value of 325 cm" . 
The differences between the calculated and observed silver-
halogen stretching frequencies might be related to the silver(I)-
из 
Table U.3 
Metal-halogen and gold-sulfur stretching frequencies of 
Au(R2dtc)2X complexes. 
Au(R2dtc)2X 
v(Au-S) v(M-Hal) 
H 
Me 
Me 
Et 
Et 
Pr 
Pr 
Bu 
Bu 
Bu 
Bu 
Bu 
Bu 
Bu 
Bu 
Ph 
Ph 
Br 
Br 
AuBr 2 
Br 
AuBr 2 
Br 
AuBr 2 
Br 
AuCl 2 
AuBr 2 
ciok 
P F6 
CuBr 2 
AgBr 2 
АиВг
ц 
Br 
AuBr 0 
ІП2 
1*07 
U07 
395 
39I+ 
Uoo 
1*16 
U08 
1*10 
1*11 
1*1U 
1*10 
1*09 
1*03 
1*09 
Uli 
1*11* 
З96 
381 
З80 
379 
381 
38О 
378 
379 
380 
380 
380 
376 
379 
376 
379 
31*3 
31*7 
2U5 
256 
25I* 
350 
252 
325 
238 
2U8 
2І+7 
halogen distances which are distinctly larger than the gold(l)-
halogen distances in the analogous gold complexes (Table U.U). 
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Table k.k 
Metal-halogen distances. 
Complex Metal (l)-halogen 
distance (A) 
Ref. 
Сз2[ AgCl2] [ AuCl^] 
CB^AuClgllAuCljj] 
Au(dtc) 2AgBr 2 
Au(dtc) AuBr 
2.36 
2.31 
2.1+50 
2.31*9 
(71) 
(71) 
(68) 
(610 
1*.U Conductance study. 
The concentration dependence of the equivalent conductivities 
(Л ) is expressed Ъу the Onsager limiting law: 
Л = Л - А / С , 
e о ' 
where С is the equivalent concentration. Л can be determined 
by plotting Л as a function of /C. 
For some reported complexes Л was measured in nitrobenzene in 
-3 e -U the concentration range 1 0 - 1 0 molar. Л and A were de-
o exp. 
termined using the method of least squares for θ to 13 measured 
values of Λ and С (Table 1+.5). 
e 
The values of A can a l s o be c a l c u l a t e d assuming a 1:1 e l e c t r o ­
l y t e t o be present and by using d a t a for d i e l e c t r i c constant 
and v i s c o s i t y as given for n i t robenzene (25.0 ) ( 7 2 ) : 
A , = αΛ + 3 = 0.780 Л + UU.12 . 
c a l e . о о 
1*5 
Table U.5 
E l e c t r i c c o n d u c t i v i t 
Complex 
Au(Bu 2 dtc) 2 Br 
Au(Bu 2 dtc) 2 C10 u 
Au(Bu 2dtc) 2AuBr 2 
Au(Bu 2 dtc) 2 PF 6 
Au(Bu 2 dtc) 2 AuI 2 
Аи(Ви2а1с)2АиВГц 
Bu
u
NAu(tdt) 2 
A u ( B u 2 d t c ) 2 A u ( t d t ) 2 
Au(Bu 2 dte) 2 BPh u 
Ви^ПСЮц 
Bu.NBPh, 
iea in ni trobenzene 
Λ 
2 -1° -1 (cm ohm mole ) 
30.96 
30.51 
30.08 
29.5)+ 
28.8? 
26.95 
2»». 16 
21.67 
19.86 
31.81* 
22.37 
( 2 5 . 0 ° ) . 
A 
exp. 
83.7 
7 M 
66.5 
61*.5 
77.1 
82.7 
79.2 
79.9 
66.3 
81». 5 
59Λ 
A
 1 c a l e . 
68.3 
67.9 
67.6 
67.2 
66.6 
65.I 
63.О 
61.O 
59.6 
68.9 
61.6 
These values of A , are in reasonable agreement with those 
cale. 
observed (A ). 
exp. 
Conductivity measurements in acetonitrile and nitromethane were 
made (65) for a number of salts using tetraisoamylammonium 
tetraisoamylboride as reference electrolyte. The ions of this 
salt are large and symmetrical, of equal size and with a well-
shielded charge, so free from specific solvation effects, and 
it was therefore assumed that both ions have equal limiting 
mobilities in acetonitrile. The ratio of the equivalent conduc­
tivities 
Λ [ Bu^NBPh^]/Λ [(i-AnO^NBü-AnOjJ = I.0U3 
Η6 
holds for both a c e t o n i t r i l e and n i t romethane. I t was a l s o found 
t h a t for both so lvents 
λ [Βιγ4 + ]/λ [(i-Am l tN+] = 1 . 0 8 
and 
λ [Ph.B'l/X [(і-АлО.В"] = 1 . 0 1 . 
О Ч О 4 
Assuming that these three relationships also hold for nitroben­
zene Coetzee and Cunningham (65) derived from the reported value 
Λ [ Bu, NBPh J = 22.3І* (72) a scale of ion conductivities in ni­
trobenzene (see also Table U.7)· The value we measured is in 
excellent agreement with the value reported (22.3I*) by Hirsch 
and Fuoss (72). From the values of Λ found for the various com-
0
 + . 
plexes the single ion conductivity of the Au(3updtc) ion was 
determined: 
О 2 2 
9.1 c a l c u l a t e d with λ [ B r - ] = 21.9 (65) 
0 
9.1 calculated with λ [BPh^"] =10.8 (65) 
9.6 calculated with λ [ClO^"] = 20.9 (75) 
The single ion conductivities for the negative ions, which could 
be derived with λ [Au(Bu dtc) ] =9.1 are given in Table 1+.6. 
The values for Co(tdt) ~ and Ni(tdt) " were obtained from con­
ductance data in acetonitrile (71+)
>
 using the following rela­
tionship (Table I+.7): 
λ in acetonitrile 
- 5.35 . 
λ in nitrobenzene 
о 
1*7 
Table h.6 
Single ion conductivities (λ ) in nitrobenzene (25.0 ) 
Ion λ 
о 2.-1 -1 
cm ohm eq. 
C10,~ 21.U cale, from Au(Bu„dtc)_C10i 
AuBr " 21.0 
PF," 20.5 
Aul2" 19.8 
AuBr^" 17.9 
Au(tdt) " 12.7 c a l e , from Au(Bu d t c ) 2 A u ( t d t ) 
12.6 c a l e , from Bu^NAuUdt)^ 
Co(tdt) " 15.0 cale, from ref. Ik 
Ni(tdt) " 15.5 cale, from ref. 71* 
The obtained values, λ [Co(tdt) "] = 15.0 and λ [Ni(tdt)_"] = 
о 2 о 2 
15.5, are about the same as that found for Au(tdt) " (12.6). 
The low values for the single ion conductivities found for the 
Au(Bu2dtc) (9.1) and Cu(Bu2dtc) (9.2) ions , can only be 
understood assuming solvation effects between these ions and 
the nitrobenzene molecules. For the (i-Am).N ion, much larger 
in size, a higher value is found (Table k.'j). The complex di-
thiocarbamate ions have a planar structure, which shields the 
Nearly the same values are found for the analogous seleno 
compounds, [CuiEtpdsc) ] = 9.9 (23) and [AuÍBUgdscL ] = 
11.1+ (22). 
»»8 
positive charge substantially less effective than in the tetra-
alkylammonium ion. Consequently, an interaction of the solvent 
molecules with these dithiocarbamato complexes is thus very 
likely. 
Table k.-J 
Single ion conductivities in nitrobenzene and in acetonitrile 
(cm ohm eq. J. 
Ion 
Me
u
N+ 
Et
u
N+ 
Pr
u
N+ 
Bu^N* 
(i-Arn)^ "'' 
(i-Ara)
u
B" 
Ph
u
B-
acetonitrile 
9U.55 
85.05 
70.65 
61.93 
57.2k 
57.2k 
57.72 
nitrobenzene 
17.O 
16.1 
13.2 
11.55 
10.70 
10.70 
10.79 
λ
ο 
λ 
О 
acetonitrile 
nitrobenzene 
5.56 
5.3k 
5.35 
5.З6 
5.35 
5.35 
5.35 
U.5 Electronic spectra. 
For the Au(Bupdtc)pX complexes two strong absorption bands were 
found in the ultraviolet spectra as was previously noted for 
Au(Bu2dtc)2AuBr (6U). Bands at 36.1 kK and 31.6 kK were ob­
served, with for all complexes nearly the same molar extinc­
tion coefficient, log e = U.60 and U.63, respectively. Only 
for the Au(Bu dtc)pAuBr, complex a distinct lower intensity 
was measured at 31.6 kK (log ε = U.Uo). 
h9 
Table h.Q 
Electronic spectra of gold complexes in CH Cl solutions 
v
m
o V (
kK) (е.і.тоіе"1«!!"1) 
шах· 
Au(Bu2dtc)2Br Bu^NAuímntJg Au(Bu dtc) Au(nmt) 
38.U(U6,600) 37.6(81,1+00) 
36.1(38,700) 3h.5(29,000) 36.1(70,000) 
31.6(1*2,700) 32.0(1*5,700) 
25.2(650) 26.1(2900) 26.0(3300) 
21.5(100) 21.7(120) 21.7(350) 
13.4(55) 13.450) 
A more precise measurement of the spectra of AuiBu^dtc) re-
vealed two low intensity bands at 21.5 kK and 25.2 kK (Table 
U.8). The spectrum of Au(Bu dtc) Au(mnt) is best described as 
the sum of the spectra of BuiNAu(nmt) and Au(BUpdtc)pBr. This 
sum spectrum is quite different from that measured for the non-
ionic Au(mnt)(BUpdtc) complex. 
It clearly demonstrates the ionic character of the Au(BUpdtc)p 
Au(iimt)9 compound and shows that the different stereochemical 
patterns found in solid state are retained in solution for 
both 
69). 
4.6 Reactions and interconversions. 
isomers with stoichiometric formula Au(nmt)(Bu.dtc) (29, 
The preparations, interconversions and reactions among the se-
veral gold dithiocarbamato complexes known thus far are summa-
rized in a diagram (Fig. U.l). 
Several of these reactions are oxidations with either bromine, 
( b u 4 b i t t ) ( A u B r 4 ) 2 
· • Au(dtc)2CuBr2 
i l 
СиВг, 
Au(dtc) 2 Br 
ж" 
Au(dtc)2AuBr4 
A u f m n t ) idtc) 
Au( t d t ) (dtc) 
A u ( c d c ) (dtc) 
Au(hcnt)2(dtc) 
1 
' 
Au(dtc)2X 
ï = mu-
= PF6-
= АдВгг" 
= B(C6H5)í>-
= Au(mnt)2 
= Au{tdt)2-
ЧЛ 
о 
Fig. U.I - Reactions and interconversions of golddithiocarbamates. 
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2+ thiuram disulfide or Bu.bitt . 
Oxidations with bromine. 
By oxidation of gold(l) dithiocarbamate with bromine gold(IIl) 
compounds are formed whose stoichiometry is dependent of the 
amount of bromine added: 
(i) a complex still containing a gold(l) ion can be obtained, 
Au(dtc)2AuBr2 (6U,79). 
(ii) with one equivalent bromine Br-AuCdtc) is obtained (10,79)· 
(iii) a complex in which the ligand is oxidized, 
(Bu^bittKAuBrj^ (76). 
The Br Au(dtc) complex could also be obtained from the oxidation 
of Au(dtc)pAuBr with bromine. This reaction proceeds via the 
AuBri ion as an intermediate, because the Au(dtc)pAuBr, com­
plex could be isolated as a yellow precipitate when an equiva­
lent amount of an aqueous bromine solution was added to 
Au(dtc)pAuBr in acetonitrile. Evidence thereof was obtained 
by UV spectral measurements, which showed the low intensity 
band at 31.6 kK characteristic for the Au(dtc)2AuBr, complex 
(section U.5) (The intensive dark color of the AuBr," ion also 
appears immediately when a bromine solution is added to aqueous 
КАиВГр containing solutions). 
When two equivalents of bromine were quickly added to [Au(dtc)]2 
in CHC1,, an insoluble precipitate was formed, which was iden­
tified as (Bu.bitt)(AuBr,) (76). The existence of the 3,5-Ьіз 
2+ 
(N,N-di-alkyl immonium)-!,2,lt-trithiolane dication, (Bu.bitt) , 
in this and some related complexes was confirmed by a crystallo-
graphic X-ray determination of the (Et.bitt)(Hggig) complex 
(67). 
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Oxidations with Bui tda. 
With Buitda g o l d ( l ) - c o n t a i n i n g compounds are oxidized t o g o l d ( I I l ) 
complexes· From AuBr ~ t h e Au(dtc) complexes are formed with 
АиВГр or Br as c o u n t e r i o n s , depending on t h e amount of Bui t d s · 
As an i n t e r m e d i a t e in the oxidat ion of [Au(dtc)] with thiuram 
d i s u l f i d e the b i s ( d i t h i o c a r b a m a t o ) g o l d ( I I ) complex i s formed 
(59) and u l t i m a t e l y t h e diamagnetic t r i s - c o m p l e x , Au(dtc) . 
The diamagnetism of t h i s t r i s-complex can be understood from the 
r e s u l t s of a r e c e n t s t r u c t u r e determinat ion (77) · Two of t h e 
d tc l igands are monodentate, v i a the s u l f u r atom, complexated 
with t h e gold i o n , the t h i r d l i g a n d being b i d e n t a t e bonded. The 
gold atom and the four s u l f u r atoms are in a p l a n a r configura­
t i o n , t h e non-bonded s u l f u r atoms being s i t u a t e d above and b e ­
low t h i s p l a n e . 
Oxidations with ( B u , b i t t ) . 
When (Bu, b i t t ) (AuBr, ) was s t i r r e d for some time with [ A u ( d t c ) ] ? 
in chloroform s o l u t i o n , t h e f i r s t compound d i s so lved and 
Br Au(dtc) could be i s o l a t e d from t h e r e a c t i o n mixture ( 7 6 ) . 
Thus g o l d ( l ) d i th iocarbamate was oxidized according t o the r e ­
a c t i o n s [wi th p o s s i b l e in termedia tes ] : 
[ A u ( d t c ) ] 2 + (ВицЪі«)(АиВГц) 2 -»- [ A u i d t c ^ A u B r J •*· Br 2 Au(dtc) 
[ A u ( d t c ) ] 2 + (Bu^bittKCUgBrg) -»• [Auidtc^CUgBrg]•*• Au(dtc) 2 CuBr 2 
2+ . . 
In both r e a c t i o n s t h e t n t h i o l a n e - i o n , B u . b i t t , i s s p l i t t i n ­
t o a dtc l i g a n d and some unknown p r o d u c t s . In t h e l a s t r e a c t i o n 
c o p p e r ( I l ) i s reduced t o c o p p e r ( I ) . 
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The Au(Rpdtc)p ion зеетз a rather stable species, and crystal­
line complexes could be isolated with a variety of anions (sec­
tion U . I ) . With the АиВгц" ion however, the Au(dtc) ion re­
arranged to the nonionic Br Au(dtc) complex. 
The bromine atoms in Br,,Au(dtc) were easily substituted by 
sulfur-donor-containing ligands. Consequently, mixed gold com­
plexes could be obtained with 1,1- as well 1,2-dithiolates 
(section 2 . 1 ) . The chemistry of the gold dithiocarbamato com­
pounds appears to be a relatively well studied area. Especi­
ally the resolution of the molecular and crystal structures 
of several of these complexes have contributed thereto. 
Despite a variety of reactions and preparation methods, hardly 
anything is known yet about the mechanism of these reactions 
and interconversions. A large number of kinetic experiments 
will be required to elucidate these mechanisms. Therefore, we 
have reduced the above reaction diagram to the one below which 
shows only those reactions which we think are most important. 
ДиВг,' 
5U 
C H A P T E R V 
VOLTAMMETRY AND REDOX BEHAVIOR OF DITHIOLATO COMPLEXES 
5.1 Introduction. 
Voltemimetry involves the electrolysis of a solution of oxidi-
zable or reducible material between two electrodes. During the 
variation of the potential applied between these electrodes 
the current is measured. 
Since there are so many excellent text books and reviews (80 -
85), and now even written especially for and by inorganic che­
mists (5» 86-88), only some introductory remarks on polarogra-
phy will be given. The interpretation of the current-voltage 
curve will also be discussed in this chapter. 
The simplest circuit required for two-electrode polarography 
is shown in Fig. 5«1» and consists of a device for a constant 
voltage supply, a galvanometer and a cell. The voltage between 
the two electrodes can be varied by means of a slide contact 
Fig. 5.1 - Simplified circuit for polarography. 
В Battery, G galvanometer, С Cell. 
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(driven by an electric motor in advanced polarographs). The 
current can be measured with a galvanometer or a recorder. 
The electrode whose potential is varied is called the indica-
tor electrode and can be made of any conductive material. The 
most widely used indicator electrode is the dropping mercury 
electrode. Due to the high oxidation potentials of the pro-
cesses studied, more positive than the oxidation potential 
for the oxidation of mercury, we used a rotating platinum 
electrode (driven at a constant speed of 600 r.p.m.) (Hetrohm 
EA 682). 
The other electrode is a reference electrode. The potential of 
this electrode remains constant, due to its large surface area 
(compared with the indicator electrode) and the small current 
flowing through the cell. 
When enough supporting electrolyte is present in the solution, 
there is only a small and negligible iR drop in the cell and 
the applied potentiell is the potential of the indicator elec-
trode with respect to the reference electrode. 
By variation of the potential applied between the electrodes, 
a current-voltage curve known as a polarogram or "Polarographie 
wave" as shown in Fig. 5.2 is recorded. 
The current corresponding to the upper plateau of the wave, the 
limiting current is controlled by the mass transfer process. 
Due to the stirring effect of the rotating platinum electrode 
also convective mass transport to and from the electrode takes 
place and limiting currents rather than diffusion currents 
are observed. 
The potential where the current i = iT/2, the half-wave poten-
u 
tial (ET)» is characteristic of the substance involved in the 
i 
charge transfer process. A discussion on the thermodynamic and 
kinet ic significance of th is half-wave potential and a further 
56 
Fig. 5·2 - Current-voltage curves. 
i = cathodic current: i = anodic current: iT = 
с ' a * L 
limiting current; E = potential of the indicator 
electrode versus the reference electrode; ET = 
half-wave potential; 
= base electrolyte curve in absence of re­
ducible or oxidizable species (residual current) 
(a) cathodic reduction wave (b) anodic oxidation 
wave. 
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interpretation of the current-voltage curves will be given in 
the next section· 
In solutions with low dielectric constant ала high specific 
resistance (e.g. dichloromethane solutions, like we used in 
most measurements) the true electrode voltage (E ) differs from 
the applied potential (E ) due to the ohmic potential drop 
E
e
 = E p - iR [5.I] 
To compensate for this iR drop we have used an iR compensator 
(Metrohm iR Kompensator E Uk6) with three-electrode geometry. 
These three electrodes, the indicator electrode, the reference 
electrode and an auxiliary electrode, are arranged in such a 
way that no current flows through the reference electrode. In 
order to minimize any effect from potential gradients the refe­
rence electrode and auxiliary electrode are placed on opposite 
sides from the indicator electrode (Fig. 5·3). 
The potential difference between the indicator electrode and 
this reference electrode will be the actual effective voltage. 
Consequently, from equation [5·Я it follows that the potential 
difference between the reference electrode and the auxiliary 
electrode equals the iR drop in the cell. This potential diffe­
rence is fed into a 1:1 direct current amplifier (iR compensa­
tor), whose input impedance must be very high (Fig. 5·Ό· The 
output of the compensator, whose impedance must be very low, 
is connected in series with the auxiliary electrode and the 
polarograph (Metrohm Polarecord E 2бі). In this way any poten­
tial difference between the reference electrode and the auxi­
liary electrode is compensated for (89, 90, 91)· The potential 
of the indicator electrode is that given by the settings of 
the polarograph. 
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ι 
E, 
? 
_ J 
L . E P ± i R . 
ν "fititb 
\-
-. 
-
ι/ 
Fig. 5.З - Cell with three electrodes. 
R = reference electrode; I = indicator electrode; 
A = auxiliary electrode. 
ÎM 
^ iR ^ " 
—ó 6— -
V 
¡Ei 
'i_ 
1 ι 
Ι_ 
Ε 
7 
Ρ! 
ι Ρ 
Fig. 5·1» - Block diagram. 
Ρ = polarograph; iR = iR-compenaator; R = reference 
electrode; I = indicator electrode; A - auxiliary-
electrode; Ep = applied potential; IL. = potential 
difference between R and A; E_ = compensation po­
tential. 
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5.2 Current-voltages curvea. 
For a one electron oxidation-reduction reaction, which involves 
only soluble species, 
Ox + e £ R e d 
the expression for the current density i can be written as 
i = i [ exp[ -aFn/RT] - exp[ ( 1-a)Fn/RT] ] [5.2] 
о 
with the equilibrium exchange-current density i 
о 
i = kFc βχρ[-αΡΔφ /KT] » kFc ,exp[ (ΐ-α)ΓΛφ /RT] [5.3] 
0 ox e red. e 
Combining [5·2] and [5·3] gives the equation of the general 
. * 
current-potential relat ionship 
i = kFc ехр[-аГ(Дф +n)/RT] - kFc .exp[ (1-ο)Γ(Δφ +n)/RT] 
Í5.h] 
In th i s equation 
к, к = the rate constants of the forward and backward reaction 
с , с , = the concentrations of the species involved 
ox* red 
а = the transfer coefficient 
η = Δφ - Δφ = overvoltage 
Δφ - the absolute electrode potent ia l 
Δφ = the absolute equilibrium electrc 
and F, Rt and Τ have t h e i r normal significance. 
   l  l  l trode potent ia l (at i=0) 
* . . . 
For a derivation and detailed discussion of t h i s equation, 
sometimes called the Butler-Volmer equation, see for example 
(81+, 92). 
бо 
From equation [ 5 · 3 ] i t follows that 
RT
 η
 it . RT
 Ί
 C
o x r _
 c 1 
к red 
If the concentrations of the products and reactants are 1 F, 
Δφ° = Дф
е 
where 
. ,o _ RT
 Ί
 к , _ ¿ , 
Δφ = •=- In - [ 5.6] 
e F j 
As electrode potentials can Ъе measured only with respect to 
the absolute electrode potential of a non-polarizahle reference 
electrode, Δφ , only the values of E and E' can be experimen­
tally determined 
E = Дф
е
 + η - Δφ
Γ
 I 5.7а] 
Ε· = Δφ° - Δφ
Γ
 [5·Tb] 
where Ε' i s the formal electrode potent ia l . 
Equation [5·1*] can be rearranged to 
i = k'Fíc exp[-aF(E-E¿)/RT] -
- c r e dexp[ ( 1-o)F(E-Eo» )/RT] } [5 .8 ] 
in which k' i s the formal rate constant at the formal electrode 
о 
potent ia l E' 
k' = ? βχρ[-αΓΔφ0/ΗΤ] 
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k¿ = к ехр[(1-а)ГДф°/НТ] 
or with equation [5·6] 
- а 
î t (1-а) 
0
 lí 
In the following аізсиввіоп only the oxidation of Red will he 
considered while the voltemmetric processes studied are mainly 
oxidation reactions (section 2.5)· 
Ъ Ъ 
When the bulk concentration of Red is с . and с = 0 , the 
red ox 
current density is equal to 
- i = F m .(с .-c .) 
red red red 
and for the limiting current 
-i. « F m ,c , L red red 
Mass transport coefficients m . ала m are used rather than 
^ red ox 
diffusion coefficients because mass transfer to and from the 
rotating electrode has also a convective character. If the 
bulk concentration of Ox is zero and the electrolysis is not 
prolonged too long 
-i * F m с 
ox ox 
The concentrations 
1-1 T 
-i - L 
and 'ox F m red F m . 
ox red 
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thus derived are subst i tuted in [ 5 · 8 ] 
i = к' = і - expl-aFÍE-E'í/RT] -
om о 
οχ 
- к' — — exp{(1-o)F(E-E')/RT] [ 5 . 9 ] o m , о 
red 
After some rearreflgements the expression for an anodic wave be­
comes 
i_ 1 
i . m m 
Ь
 р Г ^ exp[-(l-a)F(E-E^)/RT]+ - ^ exp[-F(E-E^)/RT]+1 
о ox 
[5.10] 
Two extremes can he distinguished, depending on the relative 
values of m , and k'. 
red о 
A. In the first case it is assumed that the reaction rate of the 
electron process із so fast that all electroactive material is 
oxidized immediately upon arrival at the electrode. 
So 
m . << к ' 
red о 
hence 
m m 
τ τ
2 2
· β χ ρ Ι - Ο - β ^ Ε - Ε ' ΐ / Η Τ ] « - 2 £ £ expt-FÍE-E« )/RT]+1 
Ά 0 Xu О 
о ох 
and equation [5·1θ] reduces to 
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i _ _ 1 
L
 - ^ βχρ[-Ρ(Ε-Ε·)/ΗΤ]+1 
m о 
οχ 
for which is obtained 
E = E . + | Σ 1 η i + | I l n ^ d j j 
О Г 1 т _ 1 * ш 
L ox 
This equation describes the current-voltage re lat ion for an ano­
dic volt azumo gram. 
The assumed condition, m . « к ' , implies that the electrode 
' red o' 
process proceeds at a much faster rate than the mass transport 
to the electrode. Electrochemical equilibrium is achieved at 
the electrode and the electrode process is called to be Pola­
rographie reversible. 
The half-wave potential Ei i s defined by i = i i T 
E . E . + | ï l n ^ l [5.12] 
s o r m 
ox 
Because in the processes studied the bis-chelate complexes 
[M-S.] differ only one or two units in charge one may write 
m = m , 
ox red 
and equation [5·12] becomes 
5·, я E' 
І о 
[5.13] 
For a reversible system the half-wave potential is thus, at 
least approximately, equal to the formal electrode potential. 
6k 
В. In the other limiting case it is assumed that m , >> к'. 
red о 
This means that the electrode process is slow compared with 
the mass transport process· 
With 
m m 
г-тг^ expI-O-cOFCE-EM/RT]* 1 » - ^
 β
χρ[ - F ( E - E · )/RT] 
κ o m o 
ο οχ 
equat ion [5·1θ] becomes 
тг _ •PI ^ HT , r e d ^ RT , _ i
 r
 _ , , , 
E = E ; + TÌ^TF l n Ρ " + T T ^ T F l n ГГГ [ 5 · 1 k] 
О l i 
or 
E =
 Vn^jFlni¿n l 5 · 1 5 1 
i n which the half-wave p o t e n t i a l i s 
ν
Ε ; + Α 1 ηΡ^ l 5 · 1 6 1 
ο 
Equation [5·11*] describes the current-voltage relation for what 
is usually called a Polarographie irreversible process. For 
such an irreversible process the half-wave potential depends 
on the formal rate constant k' and also on the rate of stirring 
which controls the rate of mass transfer to the electrode. 
It is to be noted that the terras reversible and irreversible, 
which are frequently used in Polarographie discussions have 
little, if any, relation to their conventional thermodynamic 
meaning. So, although these terms may give incorrect associa­
tions, we will use them in the following discussions in accor­
dance with current Polarographie tradition. 
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5.3 Operational definition and determination of reversibility. 
As demonstrated in the preceeding section the reversible ano­
dic voltammogram for the reaction 
Red + e •* Ox 
is described by the following equation (combining [5·И] and 
[5.12] and with ra , = m ) 
red ox 
E = Ε' *ψ- la-r-r [5.I7] 
It can readily be demonstrated that for the reversible reduc­
tion of the oxidized form (Ox) can be written 
Е = Е ' + ^ 1 п ^ С - [5.18] 
o r 1 
From both these equations it follows that the half-wave poten­
tial found for the oxidation of Red is the same as the half-
wave potential for the reduction of Ox. This equality of half-
wave potentials is called the fundamental criterion for Pola­
rographie reversibility (80). In this case the half-wave po­
tential equals the formal electrode potential as mentioned 
before. 
For an irreversible process the half-wave potential depends 
on the kinetic parameters according to [5·16], and cannot be 
equated to the formal electrode potential (Fig. 5.5)· 
From 
^-K-jñw1^ [ 5 · 1 6 1 
бб 
Fig. 5·5 - (a) Reversible and (b) irreversible voltammetric 
waves. 
the value of the rate constant can be calculated. However, Ξ' 
" о 
and m , have to be known. The value of α can be determined 
red 
from equation [5·15]· 
A so-called "log plot" is commonly used as a criterion to es­
tablish the reversibility of a system obeying one of the equa­
tions [5.I5] or [5.IT]. The plot of the potential E versus 
log i(i -i)~ gives in both cases a straight line with a slope 
of 2.ЗОЗ RT/F = 59 mV for a reversible and a slope of 2.303 
RT/(l-a)F = 59/(l-a)mV for an irreversible one-electron pro-
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cesa ( 2 5 ° ) . 
тэт 
The d i f fe rence E3 - Έ-, = —^ I n 9 can be used t o e s t a b l i s h t h e 
α ц r 
reversibility more quickly. For a reversible one-electron pro­
cess this value is equal to 56 mV (25 ). 
For processes studied on a dropping mercury electrode (i.e. 
in polarography) it is now a well established fact that the 
value of k* determines whether an oxidation or reduction pro­
cess is reversible or not. It is only in this sense that 
speaking of the 'degree' of reversibility can have some 
meaning. In polarography electrode reactions are called to­
tally irreversible when k' is smaller than 3·10~ cm.sec" 
(i.e. for values of Ei-E' > 120 mV) while reversible Pola­
rographie waves are obtained for processes for which k' is 
-2 -1 0 larger than 2.10 cm.sec . These limits of k' could be 
0 
calculated (8U) because the diffusion coefficients appearing 
in the Polarographie equations are readily available; these 
—5 2 -1 
coefficients have about the same value (10 cm .sec in 
water) for a wide variety of species involved in common Pola­
rographie practice. 
For processes studied on a rotating platinum electrode (in 
voltammetry) mass transfer has also a convective character 
and the determination of the mass transfer coefficient is 
thus a hydrodynamic problem. These coefficients are less 
readily available and therefore, as was seen in the pre-
ceeding section, it is the ratio m/k' which determines the 
reversibility of an electron transfer process. 
As will be demonstrated in the following discussion it is 
still possible to obtain an impression, be it approximate, 
of the ratio of the formal rate constants for reversible and 
i rrevers ible proc es s es. 
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Rearrangement of equation [5·10] gives 
ι
τ
- ι m . m . ij rea / - \_ , rea _ r _ . _ , 
—:— = τ-,— exp-( 1-a)Z + exp-Z [ 5.10а] 
0 ox 
in which 
Ζ = FÍE-E')/RT 
o 
Furthermore 
Ζ, = FfEi-E'J/RT i i o 
Agedn the equality of the mass transfer coefficients for the 
oxidized and reduced forms of one redox couple is assumed 
m , = m 
red ox 
Straight lines were obtained over a range of at least 200 mV 
by the logarithmic analyses of all polarograms observed. This 
3 3 
means that exp-Z varies with a factor 10 in the range 
(Ei-O.l) to (Ei+0.1) volts 
expt-ZT+O.IF/RT] 
expt-zJ-O.IF/RTj = e X p 0 - 2 F / R T " 1 0 
and in the same voltage range exp-(l-a)Z var ies with a factor 
1.7 τ * 
10 , when о = i. 
* 
From a statistical analysis of a large number of published ex­
perimental data it was recently claimed (93) that о = J for 
one-electron transfer reactions. However, the experimental 
finding of a linear log plot with a slope of 59 mV can corres­
pond just as well to an irreversible process when α << 1. 
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For the right-hand side of equation [5·10a] th i s leads to the 
following l imiting values, of in teres t for th is discussion 
( ^ + exp-Jzjexp-iZ (A) 
and 
I P ^ + 1o 1 , T e xP-ä z ] 101*7exp-lZ (в) 
In the preceeding section it was demonstrated that for a rever-
sihle process the ratio m ./к' must have a small value, while 
red о * 
for an irreversible process this value must he large. In other 
words, even in the minimum value (A) the influence of m
r e
j / k ' 
must be negligible to obtain a reversible wave, and this condi­
tion is written as 
(m ,/k') < O.lexp-iZ 
red о rev ±^ z 
For voltarmetric irreversible processes the ratio m ./к' must 
red о 
dominate, even in the maximum value (B) 
(m ^/k·). > 10x101,Texp-ÌZ 
red о irrev. 
Between these limits non-linear log plots are expected. As log 
plots were always found to be linear, the following condition 
seems to be valid 
_red 
к 
m
rea\ 10 2 , 7exp-iZ 
rev _ 0.1 exp-jZ ^
 1 0 -3.7 
m 
о ' i rrev 
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Assuming that (m , ) = (m J. , for the ratio of the 
red rev red irrev' 
formal rate constants for reversible and irreversible pro-
cesses 
o irrev 
The last assumption, (m ,) = (m , ) . , is very well 
* red rev red irrev* J 
possible because for example Cu(dtc) was found to be rever-
sibly and Ni(dtc)p was found to be irreversibly oxidized, 
and these species are nearly equal in molecular size. 
Because the rate constant is dependent on the electrochemical 
energy of activation (Δϋ ) 
к; <v exp - — 
and also 
(k') ΔΟ^ - Aof 
о rev rev irrev ,
Λ
3·7 
τζτ.—
= e x p
 иг
 > 1 0 
о irrev 
ΔΟ. „ - ΔΟ > 2.303 x 3.7 x RT kcal/mole. irrev rev 
This means that, assuming о to be i, the difference in the 
energies of activation for irreversible and reversible pro­
cesses is at least 5 kcal/mole, i.e. the energy of activation 
* Approximately the same value 2.1θ"2/3.10~5 * 103 is obtained 
for this ratio from the Polarographieally determined rate 
constants. 
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for the irreversible oxidation of Ni(dtc) is at least 
5 kcal/mole larger than that for the reversible oxidation 
of Cu(dtc) . 
5·^ Redox behavior of metal dithiolato complexes. 
A survey of the redox reactions of the investigated (section 
2.5 and 3·3) and some related dithiolato complexes is given 
in Table 5·1· These complexes can be divided in two groups 
according to reversible and irreversible redox behavior. 
The first group comprises those compounds for which in the 
analyses of their voltanmetric waves slopes (or E3-E1 values) 
i» 4 
were found within the range of 50-70 mV. This rather large 
range, reported earlier (9'*» 95)» seems to be inherent to the 
solvent used (CH CI ) and may be ascribed to special effects 
appearing in solvents with low dielectric constant, thus ac-
counting for the deviations from the theoretical value (59 mV). 
It has to be emphasized that the values of these slopes may 
not be considered a definitive criterion determining the re-
versibility of the system studied. In this respect we have 
encountered an interesting example studying the redox beha-
vior of the copper diselenocarbamato complexes. The same half-
wave potentials {0,2k V) were found for both the oxidation of 
Cu(dsc)? and the reduction of Cu(dsc) , indicating that these 
species constitute a reversible redox couple. However, for 
the slopes of the log plots values were found of 68 and 78 
mV, respectively. Even though we are aware of the limited 
significance of these slopes as a reversibility criterion, 
we still used it as such (Table 5·1)· Of the [M-S,] systems 
so far known, the nickel compounds seem to be the best studied. 
Their redox behavior is nearly always in accordance with the 
proposed division in odd and even ligands. The 1,2-dithiolato 
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Table 5.1 
Redox behavior of metal dithiolato complexes 
Compound Electrochemical 
behavior 
E, a 
5 
Products obtained 
from chemical 
reactions 
Ref. 
N i ( d t c ) , 
.Ni(dsc) 2 
N i ( d t c ) ( d s c ) 
2-Ni(i-nint) 2 
2-
2-
Ni(cdc), 
N i ( C S 3 ) 2 
Ni(SST) 2 
Ni(mnt)^ 
Ni(rant)(dtc) 
Ni(nmt)(dsc) 
Ni(SacSac) 
Ni(hcndt) 
2 
2-
0.77 i r r e v . ox idat ion Ni(dtc) I 
Ni(dtc) + 
0.55 i r r e v . ox idat ion Ni(dsc) 
0.62 i r r e v . ox idat ion 
0.U2 i r r e v . ox. and r e d . 
0.38 i r r e v . ox and r e d . 
0.1 б rev . ox. and r e d . 
-O.9I i r r e v . r e d . 
О.25 rev . ox. 
-1.71* rev . r e d . 
0.U6 rev . red . 
0.1*1 rev . red . 
-0.9he r e v . red . 
1.01 i r r e v . red. 
-О.82 r e v . red . 
Ni(mnt), 
Ni(mnt)(dtc) 
13 
12 
12 
6 
6 
6 
96 
б 
97 
21 
P d ( d t c ) 2 
Pd(mnt)(dtc)" 
Pd(mnt)(cdc) 2-
1.21 
0.71 
i r r e v . ox. 
r e v . ox. 
0.60 r e v . ox. 
P d ( d t c ) 2 I 2 , P d ( d t c ) 3 + 103,78 
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Table 5'1 (continued) 
Compound Electrochemical 
behavior 
4 * 
Products obtained 
from chemical 
reactions 
Ref. 
Pd(hcndt)2 
Pt(dtc)2 
Pt(mnt)(dtc)" 
-0.82 rev. red. 
0.92 irrev. ox. 
О.56 rev. ox. 
Pt(dtc)2I2,Pt(dte) 103,78 
Cu(dtc), 
Cu(d3c), 
Cu(mnt)(dtc) 
Cu(SST)-
0.50 
0.58 
0.2U 
•0.57 
0.33 
0 .50 c 
r e v . ox. 
rev . red . 
rev. ox. 
rev. red. 
rev. r e d . 
rev . ox. 
Br Cu(dtc),Cu( 
Cu(d3c) 2 + 
I 2 Cu(dse) 
Cu(mnt)(dtc)" 
:<itc) 2 10 
23 
19 
96 
-0.39 rev. red. 
Au(dtc) 2
+ 
Au(dsc)2 
Au(mnt)(dtc) 
-O.26 nearly rev. red. 
-0.1*3 rev. red. 
-0.U5 rev. red. 
Au(dtc)2 in 98 
solid Ni(dtc) 
Au(dsc)2 in CHC1 99 
β
 vs SCE in CH 0C1 0
 Ъ
 in DMS0 C in DMF ein acetone з AgCl/Ag 
7U 
complexes, N i ( S C R ) , with a variety of substituents R, all 
show reversible one electron transfer reactions. On the other 
hand, the 1,1-dithiolato complexes, i.e. Ni(dtc) and 
Ni(i-mnt) and Ni(SST) , are irreversibly reduced or oxi-
dized. The only exceptions thus far found in this respect are 
the reversible reductions in acetone solutions of the dithio-
acetylacetonato complexes, thus forming Ni(I)(SacSac) " and 
2- 2-
Ni(0)(SacSac) (9) and the reduction of Ni(hcndt) . Ge-
nerally the palladium and platinum complexes show a redox 
behavior like that observed for the nickel compounds. 
The redox behavior of several copper dithiolato complexes is 
most remarkable. The copper(II) bisdithiocarbamato and bis-
diselenocarbamato complexes are reversible oxidized and re-
duced, thus forming a three membered series, Cu(dtc)0 * * 
and Cu(dsc) ' '" , not earlier observed in the class of 
1,1-dithiolates. 
The bisdithiotroponolato compounds, M(SST) , M = Ni, Pd, Pt, 
Zn and Cd, are all irreversibly reduced at nearly the same 
potential (Table 5.2). However, the copper complex, Cu(SST) , 
is reversibly oxidized and reduced at considerably different 
potentials. 
Finally, in the group of dithioacetylacetonato complexes the 
copper complex could not be prepared so far due to the oxida-
tion of the ligand by Cu(II). 
The products of the chemical oxidation reactions are given at 
the right in Table 5·1· With the exception of the gold(II) 
compounds, for the existence of which evidence was obtained 
from esr measurements, all tabulated products have been ob-
tained in pure form. 
Like for several redox couples in Table 5.1je.g. 
Cu(dtc)2+/Cu(dtc)2, Cu(dsc)2+/Cu(d3c)2, and M(rant)(dtc)/M(mnt) 
(dtc)~ it is usually found that reversible oxidations occur 
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-0.65 
-0.9h 
-0.96 
-1.01 
-1.1*5 
-1.18 
-1.39 
- I . W 
Table 5.2 
Half-wave potentials of M(SST) and M(SacSac) compounds. 
M(SST) in DMF M(SacSac) in acetone 
vs SCE & vs Ag-AgCl electrode 
Co 
Ni -0.91 -І.ЗІ* 
Pd -0.Θ9 -I.25 
Pt -0.Θ5 -1.26 
Cu -0.39 -1.51* 
+0.50 
Zn -O.89 -1.21 
Cd -0.90 -Lió 
One-electron reductions at a rotating platinum electrode (96) 
One-electron reductions at a dropping mercury electrode (9)· 
for complexes having identical atomic configurations in both 
oxidized and reduced forms. 
Such electron transfer reactions have been treated in theories 
of charge transfer (WSk) in terms of the activation of the 
inner coordination shell of the reactant, and in changes in 
the solvent structure outside the shell. Bond stretching (or 
contraction) produces an activated complex so that the elec-
tronic levels in the electrode and in the complex are the same 
and the electrons can tunnel from the complex to the electrode. 
The Franck-Condon principle requires that nuclear positions 
remain essentially unchanged during the electronic transition. 
Thus the transition state will be one in which the activated 
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electroactive species and the activated product have the same 
dimensions ι 
Because copper-ligand bond distances for varying oxidation 
states of the copper atom are now known (Table 5·3)ι it is 
possible to obtain an impression of the magnitude of the re­
organization energy for the oxidation of Cu(dtc) . 
The reorganization energy Ε , for four copner-sulfur bonds in 
r
 + 
the oxidation of Cu(dtc)p to Cu(dtc)p can be calculated from 
(105) 
E
r
 = ItkjjUr)2 
where kTT is the force constant for the metal(II)-ligand bond 
11
 Φ . . . 
and ΔΓ = rT T - r . The copper-sulfur distance in the activated 
complex, т^ = 2.2б A is calculated with 
Φ
 k i i r i i * k i i i r i i i 
1" s — — — — — — — ^ — 
k i i + k i i i 
The values of the force constants к
Т І
 = 2.33х10 dyne/cm and 
5 
к
 τ τ
 = 3.11x10 dyne/cm were calculated from vibrational fre­
quencies v(Cu(IIl)-S) = UlO cm"1 and \>(Cu(II)-S) = 355 cm"1 
(12). Values of the copper-sulfur distances г^ .- and TJ-J are 
listed in Table 5·3· 
In this way we find the reorganization energy E = 3.3 kcal/mole, 
which is required to contract the copper(II)-sulfur bond 0.05 A. 
Comparison of the bond distances in Cu(dtc) (101) with those 
in Cu(dtc)? (100) showed that the changes in other bond lengths 
are negligibly small. 
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Table 5.3 
Mean copper-su l fur d i s t ances (A). 
Complex Cu( l l ) -S Cu( I I l ) -S Difference Ref. 
Cu(d tc ) 2 2.312(3) 100 
0.09 
C u ( d t c ) 2 I 3 2 .22(2) 101 
Bu^NCuímntJídtc) 30 
dtc 2.319(2) 
mnt 2.239(2) 
0.07 
Bu^NCudnnt) 2.170(U) 102 
The relatively small value found for the reorganization energy 
indicates that a relatively large value can be expected for the 
rate constant, and this agrees well with the observed rever-
sible voltammetric behavior of Cu(dtc)? and Cu(nmt)(dtc)~. 
Molecular orbital calculations (106) showed that in the 
Cu(dtc)p complex the unpaired electron is situated in a σ-
antibonding orbital which is delocalized to a large extent. 
The relatively high position of this molecular orbital corres­
ponds also well with the low oxidation potential. 
The E, values found for the reversible oxidations of the 
2
 2-M(nmt)p complexes are nearly the same. This is in agreement 
with the generally accepted idea that by oxidation of the 1,2-
dithiolates the electrons are removed from molecular orbitals 
having significant ligand character, which is also in accor­
dance with the strong influence of the substituents R in these 
78 
w, 
Чі 
o a l ­
ose 
0.49 H 
0.35 
-0.45 
dtCj-1.21 
/ / 
P t ^ - r ' ' ^ mnt dtc 
Η ι < τ - Ν — . - . _ Ч _ _ dtc, 
N \ . . . - ^ 4 "mnt dtc 
с и < ™ - : ^
 m n t d t c 
- 0 92 
0.79 
0 71 
^-NS, 
ч>
к X N « — m n t , 
^ m n t , 
h 0.56 
^0.47 
^0 46 
-0.41 
- 0 33 
.0 23 
.0.20 
4)19 
-0.29 
-0.46 
-0.61 
Fig. 5.6 - Schematic representation of half-wave potentials 
for the oxidation reactions of M(dtc) p , M(mnt)(dtc)" 
and M(mnt) . 
E J = * { E J M(mnt)2 + E J M ( d t c ) 2 } * 
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M(S CpR ) compounds on the observed half-wave potentials. 
The small or negligible influence in M(Rpdtc) and 
M(mnt)(Rpdtc)~, respectively, of the Ν,Ν-substituted alkyl 
groups on the Ε η values of these compounds thus indicates i 
that the electrons removed by oxidation are localized to an 
appreciable extent on the metal ion. The large range (0.70 V) 
(Fig. 5.6) over which the E-, values of the :i(dtc)„ (M = Ni, 
5 2 
Pd, Pt, Cu) are spread out appears to confirm th i s idea. 
The extent of electron delocalization in dithiocarbamates 
and 1,1-dithiolates is considerably less important than i t 
i s in 1,2-dithiolenes. 
Structural molecular data reveal that there is also a consi­
derable s t ra in in the four-membered ring of the dithiocarba-
mato complexes. The intraligand sulfur-sulfur distance de­
creases 0.18 A by complexation as can be seen from the change 
of the S-C-S angle from 120° in the free ligand (Wa(dtc).3H20) 
(107) to a mean value of 110 in the metal complexes. In the 
1,2-dithiolenes the geometrical dimensions do not differ much 
from those found in the free ligands (Rb (mnt).K 0) (108). 
The a b i l i t y of the di thiolato complexes to undergo reversible 
electron transfer reactions thus seems also closely related 
to the occurrence of s te r ic s t ra in in these compounds. In 
Table 5·1* the redox behavior of several d i thiolates is summa­
rized, together with the S-M-S angle (a parameter associated 
with the intral igand sulfur-sulfur distance). For complexes 
with an S-M-S angle in the range 90-97 , i . e . complexes with 
five- and six-membered r ings, a reversible redox behavior is 
observed, while for complexes with a four-membered ring with 
an S-M-S angle value of 79 o th is is not the case. Mixed metal 
complexes also show a reversible behavior when the S-M-S angle 
о / in one of the chelate rings has a value around 90 (e.g. 
ΘΟ 
M(innt)(dtc) compounds). 
Stereometric paraneters seem to have a considerable influence 
on the electronic configuration of the metal bis-complexes 
derived from unsaturated sulfur donor ligands. These parame­
ters determine the interactions of the ligand orbitals with 
the metal valence orbitals, and hence also the stability and 
delocalization of the molecular orbitals in the metal com­
plexes. It is obvious that the extent of this delocalization 
largely influences the reversibility of the electron trans­
fer reactions. 
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Table 5.1* 
Structural parameters and reversibility of [M-S.] complexes. 
Complexes SMS-
angle 
four-membered rings 
(Y=CS2)2M 
(Y-CS2)2M 
79 i r r e v e r s i b l e Y= S, CR , NCEN, 
C ( C E N ) 2 
79 i r r e v e r s i b l e Y= NR , OR, SR, R 
five-membered r ings 
(R 2C 2S 2) 2M 90 reversible 
four- and 
five-membered r ings 
(dtc)Au(mnt) 
(d tc) 2 Fe(mnt) 
75,91 r e v e r s i b l e 
75,88 r e v e r s i b l e 
(Pr^gH^CSjNHSgCCgH^Pr1) 77,97 r e v e r s i b l e 
Also r e v e r s i b l e 
for Ni , Cu, Pd, Pt 
six-membered r ings 
CoíSacSac),, 
Ni(S2C(NH2)N)2 
97 r e v e r s i b l e 
96 
Also r e v e r s i b l e 
for Ni, Pd, Pt 
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C H A P T E R VI 
EXPERIMENTAL PART 
6.1 Physical measurements. 
Electric conductivities in nitrobenzene solutions were measured 
with the Metrohm Konductoskop E 365. The experimental procedure 
used has been previously described (6U). Infrared spectra in the 
region of ¡4000-700 cm" were measured using a Perkin-Elmer 257 
spectrometer. The recording of the spectra in the region 700-
200 cm" was carried out with a Hitachi EPI-L spectrometer. 
Electronic spectra in the UV-VIS region were measured with a 
Unicam SP 700c spectrometer. Molecular weights were determined 
with a Hewlett Packard 302 В osmometer. Mass spectra were re­
corded on a Varian Atlas SM IB using 70 eV ionizing electrons 
by Drs. F.J. Gerhartl. A Varian V 1+502 X band spectrometer was 
used for the ESR neasurernents. Magnetic susceptibilities were 
measured by the Gouy method. Melting points (uncorrected) were 
made using a Leitz Mikroscopheiztisch 350. 
Micro analyses were carried out by Mr. J. Diersmann. 
The metal analyses were performed by Mr. P.J. Koonen, using 
atomic absorption spectroscopic methods (Techtron AA 100 or 
Unicara SP 90). 
6.2 Preparative part chapter II. 
The experimental procedures and the data of the elemental ana­
lyses will be found in the literature (19,20) for: 
Bu. NMdnntHRR'dtc); M = Ni, Cu, Pd, Pt; R = R' = Et, Bu, Ph 
and R = H R' = Ph. 
M(mnt)(R0dtc); M = Ni, Cu, Au; R = Et, Bu, Ph. 
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(Bu.:i) M(mnt)(cdc); M = Ni, Pd; 
E-t^ N Ni(mnt)(Etxan) ; Au( tdt ) (3u d t c ) . 
3ul»íL!íiÍ£5£2Í2Ü2™2 · 
Equimolar amounts (l mmole) of (3uiN) Ni(cdc)2 and Ni(dtc). were 
refluxed for 8 hours in 50 ml acetonitrile. After the solvent 
was removed in vacuo the residue was taken up in boiling diethyl 
ether. The solution was filtered hot; on cooling green crys -
tais were obtained in 50* yield; m.p. 71 · 
Anal. Cale.for С H ^S^îli: Ni, 9.1*1*; С, 52.16; H, .Тб; 
Ν, 9.01. Found: Ni, 9.0; С, 51.Τ; Η, 8.6; Ν, 9.2. 
Au(cdcMBu?dtc). 
Το a solution of О.56 g (= 1 mmol) Br Au(3u dtc) in 30 ml of 
methylene chloride a suspension of 0.19 g К ede in 20 ml of 
the same solvent was added. 
The solution (after stirring for 18 hours at room temperature) 
was filtered and to the filtrate an equal volume of diethyl 
ether was added. On cooling (O ) bright orange crystals were 
obtained m.p. 112 . 
Anal. Cale.for С^H „N S^Au: C, 25.53; H, 3.51; N, 8.12. Found: 
C, 25.5; H, З.Н; Ν, 8.1. 
Au(hcnt)2(3u?dtc). 
Equimolar amounts of hexachloronaphthalene thiol (in CH_C1„), 
potassium hydroxide (in ethanol) and BrpAu(Bu dtc) (in CH CI«) 
were added . A dark red precipitate was formed imme­
diately. This was filtered off and recrystallized twice from 
dichloromethane-ethanol mixtures giving violet crystals m.p. 
206°. 
Anal. Cale.for С Η Cl^NS^Au: С, 30.ik; Η, 1.78; Cl, 37.51+; 
81* 
S, 11.32; Au, 17.38. Found: С, 31.3i H, 1.8; Cl, 36.2; S, 12.9; 
Au, 17.2. 
6.3 Preparative part chapter III. 
Hexachloronaphthalene 1.8-dithiol. 
This compound was prepared by reduction in ethanol solution of 
hexachloronaphthalene 1,8-disulfide (1-2 g) with a five-fold 
excess of NaBH,. The solution was filtered (in a nitrogen at­
mosphere) and the filtrate was directly received in a kil aque­
ous solution of hydrochloric acid. The light yellow dithiol 
precipitates, and after filtration and washings with water and 
ethanol the dithiol is used as such without further purifica­
tion. 
The hexachloronaphthalene 1,8-disulfide was obtained according 
to Thelin (6l) by exhausted chlorination of naphthalene and 
reaction of the purified octachloronaphthalene with sodium po-
lysulfide. 
Metal complexes [ R^N] M(hcndt) (M = Ni. Zn). 
The dithiol obtained as described above was dissolved in etha­
nol which contained one equivalent of sodium ethanolate. 
To this solution an equivalent amount of the metal chloride and 
subsequently an equivalent amount of a tetra alkylaimonium salt. 
After standing for some hours the precipitated complex was fil­
tered off and washed with ethanol. The precipitate was dissolved 
in CH CI (or acetone) and the solution was filtered. By care-
full evaporation of the solvent the complex crystallized. 
[ ВицН]
c
Pd(hcndt)2. 
To a solution of О.67 g of [Bu, N] Zn(hcndt) in 50 ml of acetone 
a solution of 0.16 g of К PdCl, in 10 ml of water was added. 
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The orange red solution immediately turned red and a precipi­
tate was formed. The precipitate was filtered off, and washed 
with ethanol. The product was dissolved in a small volume of 
dichloromethane, an equal volume of ethanol was added and the 
solution was cooled. In this way 0.6 g of a brick-red crystal­
line product was obtained. 
Elemental analyses and melting points 
(Theoretical values are given in parentheses). 
mp0C % С % H % Ν % metal 
[ M e
u
N ] 2 N i ( h c n d t ) 2 33.9 2.1+ 2.3 5.6 
(33.60) (2.U2) (2.80) (5.87) 
[Bu^NjgNiíhcndtJg I80dec. 1*6.8 5.1* 2.1 U.T 
(U6.69) (5.1*3) (2.09) (1*.39) 
[Buj^ N] Zn(hcndt) 175 Ьб.5 5Л 2.1 
(1*6.1*2) (5.1*5) (2.09) 
[ P h
u
P ] 2 Z n ( h c n d t ) 2 181 
[ B u
u
N ] 2 P d ( h c n d t ) 2 209 1*5.0 5.2 1.9 8.1 
(U5.O9) (5.2U) (2.02) (7.68) 
31.8ЯС1 9.2^ S 
(30.7) (9.26) 
6.1* Preparative part chapter IV. 
The experimental procedures for the preparation, purification 
and crystallization of the complexes discussed in this chapter 
will be found, together with the data of the elemental analyses, 
in the following literature: 
(17): Au(Bu2dtc)2Br, AuiBUgdtc^AuBr^ 
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( 1 8 ) : Au(Bu2<itc) CuBr 
( 2 0 ) : Au(R 2 dtc) 2 f lr , R = H, Me, E t , P r , Ph; Au(R2dtc) AuBr , 
R = Me, E t , P r , Ph; Au(Bu 2dtc) 2X, X = СЮ^", PFg", 
B(C 6 H 5 ) i + " , AgBr2", A u ( t d t ) 2 " and Au(nmt) 2 " . 
6,5 Preparation of metal diselenocarbajnates. 
The experimental procedures for the preparation and purifica­
tion will be found in the literature, together with the data 
of the elemental analyses. 
(22): Au(Et2dsc), Au(Et dac^Br, Au(Bu dsc) AuBr , Br Au(Et dsc) 
(23): Cu(Et2dsc), CuÍEtgdsc)^. 
Ni(Et dtc)(Et dsc). 
Equimolar amounts of Ni(Et2dtc)2 (0.19 β) and Hi(Et2dsc) 
(0.29 g) were stirred for one week and refluxed afterwards for 
2k hours in 200 ml dichloromethane. After the solvent was re­
moved in vacuo, the residue was washed with acetone, giving 
О.38 g black-green crystals, m.p. 2б2-2б5 · 
Anal. Cale, for C^H^NgS Se2Ni: C, 26.75; H, h.h9i N, 6.2U; 
Se, 35.17; Ni, 13.07. 
Found: С, 26.5; H, H.5; Ν, 6.1; Se, 35.6; Ni, 13.0. 
[ BU|(N] Ni (mnt ) ( Et2d3c ). 
Equimolar amounts of Ni(Et2dsc)? (0.21 g) and Bu,N Ni(mnt)2 
(О.32 g) were stirred for 30 hours and refluxed afterwards 
for ih hours in 200 ml acetonitrile. After the solvent was 
removed in vacuo, the residue was extracted with 200 ml of 
diethyl ether. The remaining solid product was crystallized 
twice from acetone-cyclohexane solutions, giving O.lU g yellow-
green crystals, m.p. "¡З^-! . 
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Anal. C a l e . f o r С H^gN^S S e 2 N i : С, кЗ.Э^І H, 6.78; Ν, 8.20; 
Se, 2 3 . 1 1 ; N i , 8.59. 
Found: С, hk.Oi H, 6 . 5 ; Ν, 8.2; Se, 22 .6 ; Ni, 8 . 5 . 
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A P P E N D I X A 
ABSORPTION BAND FREQUENCIES OF M(MNT)(BU DTC) COMPLEXES 
IN THE SOLID STATE (Csl) IN THE REGION 700-200 CM-1 
Bu^NNidnntHBUgdtc) 
Ni(mnt)(Bu 2 dtc) 
Bu. NCu(mnt)(Bucate) 
Cu(mnt)(Bu 2 dtc) 
Au(mnt)(Bu 2 dtc) 
A u ( t d t ) ( B u 2 d t c ) 
612m 
305m 
6l3m 
355ni 
595m 
238m 
6i*5br 
353w 
629m 
Ц5бз 
685s 
53OW 
3T2V3 
52Tm 
2163 
бООЪг 
ЗООЪг 
588m 
208a 
60 5w 
30 W 
60 6w 
U28m 
6U3m 
51 Uw 
352m 
512s 
522s 
526m 
5б9 
235m 
567s 
UlOw 
636m 
1+93V 
316m 
510s 
513s 
5163 
503VS 
20i+s 
527m 
383W 
615w 
Uli5m 
386a 
507s 
l*27m 
kkOm 
515s 
371VS 
600w 
ЬЗЗз 
368m 
З853 
ЗбЗЪг 
lt03s 
505V3 
338m 
563m 
Ul23 
338w 
36 5w 
3283 
373m 
U99VS 
317s 20Us 
5UUs 
3883 
s = strong, m = medium, w = weak, ν = very, Ъг = broad. 
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A P P E N D I X В 
ABSORPTION BAND FREQUENCIES FOR AU(R DTC) X COMPLEXES IN THE 
SOLID STATE IN THE REGION 700-200 CM-1 
Au(H 2 dtc) ; 
Au(Me2dtc 
Au(Me2dtc 
Au(Et 2 dtc 
Au(Et 2 dtc 
Au(Pr 2 dtc 
Au(Pr dtc 
Au(Bu2dtc 
Au(Bu2dtc 
Au(Bu2dtc 
Au(Bu2dtc 
Au(Bu dtc] 
Au(Bupdtc] 
Au(Bu dtc] 
Au(Bu ? dtc , 
Au(Ph 2dtc] 
AuiPhpdtc 
3
B
r 
) 2Br 
2AuBr2 
)2Br 
)2AuBr2 
) 2Br 
2 A u B r 2 
2 B r 
2C10h 
2 Р Г 6 
2 CuBr 2 
2AgBr2 
2AuBru 
2Au(nmt¡ 
2 Au(td t ) 
2 B r 
2AuBr2 
609br 
55бз 
ЗбкЪг 
609m 
607m 
ъдЬш 
60 6s 
3723h 
6261η 
6l7ni 
6233 
628m 
3793 
615m 
62 Um 
3629h 
613m 
2 6 і 8 з 
U07vs 
2 6 8 6 B 
Í+67W 
6983 
31* Зт 
6958 
3»+7з 
626sh 
550m 
5U83 
60 3m 
560s 
38la 
597sh 
615m 
596s 
600s 
5973 
33 5w 
595s 
598m 
2383 
6OO3 
8823 
383s 
635m 
U 38з 
652s 
6528 
299w 
61O3 527s l+12m 3969 326m 318m 
U383 I+073 381s 296m 
l+l+Om U07m З О з 285га,Ъг 2U53 
5біз hgkm U86w U153 395m 3 7 9 s 
525w 506w l+90m U72w І455 U l 6 s 
367m 33hra 256s 
523w 512w U32m Ul8m ¡tOOs 38О3 
570w 503w lt20sh ltl6m 378s 25U3 
528w 513w kk2a koQs 379s ЗббзЬ 
570m 526w U3W U l W 376s 
570sh 557VS 522w 513w it50m UlObr 
312w 
505w It It 8m lt09s 379s 325з 
570m 53itw ItltW i t l l s h і+ОЗт 37бз 
510m U U 8m it09s 3799 2lt8s,br 
52OW 5lltm 507sh 502s lt66m It30m 
353s 3 2 7 B 302m 211s 
6 Юз 5983 5бОт Зккз 517w lt97w 
ItOUs 387sh 379VS ЗбО з 3lt8m 
6 3 W 6133 582w U83w lt51w U l i s 
636m 6l3m 58IW lt82m lt53w UlUs 
2lt73 
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A P P E N D I X С 
The abbreviations Me, Et, Pr, Bu and Ph are used to indicate 
the methyl, ethyl, η-propyl, n-butyl and phenyl groups. 
R,N = tetra-alkylammonium ion 
R^dtc = R^ Л' 
N,N-di-a lky l (ary l )d i th iocarbamate R S 
R dsc = R^ Se-
2
 >—cC 
N,N-di-alkyldiselenocarbaraate R Se 
Rxan = S' 
R — 0-tC O-alkylxanthate ^ S 
R^tds = 
N . N . N ' . N ' - t e t r a - a l k y l C a r y l ) - R^ ^.S—S^ ^R 
thiuram d i s u l f i d e R ^ S S^ R 
2+ 
R^bitt = 
3,5-bis(N,N-di-alkylimonium)- R·^ t _ r ^ S — S ^ r — V 
1,2,4-trithiolane dication R S' R 
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Ч . S " 
i-mnt = 'ÌZ^tC 
• . „ ^ δ­
ι ,1-dicyanoethene-2,2-dithiolate H' 
cdc = 
u 
N-cyano-imidodithiocarbonate = ^ 5-
^ N — Z ^ N-cyanodithiocarbimate "^5-
tdt = 
toluene-Sj^-dithiolate XX 
nmt = ^ C ^ S 
II 
сіз-І ,2-dicyanoethene-l ,2-dithiolate = x - ^ 
φΖ S" 
maleonitriledithiolate N 
tfd = r*c^Z'S~ 
cis-1,2-bis(trifluoromethyl)ethene- Il 
1,2-dithiolate W' VS" 
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hcnds = hexachloronaphthalene 
1,8-disulfide 
hcndt = hexachloronaphthalene 
1,8-dithiolate 
hcnt = 2,3,Ut5,6,T-hexachloronaphthalenethiolate = С HCl^ S" 
\ 
: c — s " 
— с 
SacSac = dithioacetylacetonate / 
C=S 
/ 
4^5" 
SST = dithiotroponolate А У ^ С 
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S U M M A R Y 
Transition metal complexes derived from unsaturated sulfur do­
nor ligands have attracted considerable attention in the last 
decade. The interest ranges from practical applications of 
these compounds to detailed discussions concerning the exis­
tence of these bis-chelate complexes in reversible electron 
transfer series, [M-S,] (A complete electron transfer series 
[M-Si] consists of five members with net charge ζ - +2, +1, 
0, -1, -2). The occurrence, at least formally, of the ligand 
in several oxidation states was thought to be a condition for 
the existence of such series. Of the series with sulfur donor 
atoms the 1,2-dithiolenes are the most extensively studied. 
The 1,1- and 1,3-dithiolato complexes should generally not 
show this remarkable oxidation-reduction behavior. However, 
the study of the oxidation behavior of dithiocarbamato com­
plexes has resulted in the noteworthy preparation of compounds 
with the metal ion in a high oxidation state. Recently it was 
reported that 1,3-dithiolates, i.e. acetylacetonato complexes, 
could also be reduced in a reversible stepwise manner. It is 
thus expected that the study of the redox properties of com­
plexes, [M-S*S"]Z, in which the metal ion is coordinated with 
a 1,2- as well as a 1,1-dithiolato ligand makes a valuable 
contribution to these discussions. 
In chapter II the preparation and characterization of some 
mixed ligand complexes are described. Monoanionic M(mnt)(dtc) 
with M = Ni, Pd, Pt, Cu and dianionic M(nmt)(cdc) with M = 
Ni, Pd have been prepared by scrambling reactions from their 
2— 2— 
unmixed complexes M(dtc)p, M(mnt)„ and M(cdc)p . Voltamme-
tric studies in dichloromethane solutions showed these com-
9k 
plexea to exist as part of a two-membered electron transfer se­
ries M(mnt)(dtc) with ζ = -1 and 0. The neutral compounds 
M(mnt)(dtc), with M = Ni, Cu and Au were also prepared. Magne­
tic and spectral data indicate that in these mixed ligand com­
plexes the metal ion is planar coordinated Ъу the four sulfur 
atoms. The voltammetric measurements showed that the half-
wave potentials of the mixed ligand complexes are about half­
way between those found for the unmixed complexes. 
The half-wave potentials of the M(dtc) complexes M = Ni, Pd, 
Pt, Cu are spread out over a large range (0.70 V) and it was 
furthermore observed that the influence of the N,N-substi-
tuted alkyl groups on the half-wave potentials of the 
M(R dtc) and M(mnt)(R dtc)" complexes is small. This is in 
contrast with the observations reported for the 1,2-dithio-
lenes, M(S С R ) , for which the Ej values are nearly the 
same and the influence of the substituents R on these half-
wave potentials is large. It is therefore concluded that the 
extent of electron delocalization in the dithiocarbamato com­
plexes is considerably less important than in 1,2-dithiolene3. 
A study of the C-N stretching vibration observed in the infra­
red spectra of the M(mnt)(R9dtc) complexes shows that this 
frequency increases with ЗО-ДО cm when the charge of the 
complexes increases from ζ = -1 to 0. 
Some results of an investigation of the coordinating proper­
ties of a new 1,3-dithiolato ligand are discussed in chapter 
III. The preparation and characterization of the ligand, hexa-
chloronaphthalene 1,8-dithiol, С ClgS Η , and of some metal 
complexes derived therefrom, [ R.N] M(S С Clg)2, with M « Ni, 
Pd, Zn are described. Electric conductivity measurements in 
nitrobenzene and acetonitrile solutions show that these metal 
complexes are 2:1 electrolytes in these solvents. Magnetic and 
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spectral properties indicate that in the nickel and palladium 
complexes the metal ion is planar coordinated with the four 
sulfur atoms of the ligand. Voltammetric measurements in di-
chloromethane solutions show that the NiiS-C.-Cl,-)- ion is 
2 10 o 2 
irreversibly oxidized, while the half-wave potentials for the 
reductions of the M(S2CinC16^p complexes with M = Ni, Pd, Zn 
are the same (-0.Θ2 V vs SCE). 
In Chapter IV the preparation of a series of compounds con­
taining the bÍ3(N,N-di-alkyldithiocarbamato)gold(lII) ion, 
with formula [ Au(R dtc) ]+x", with R = H, Me, Et, Prn, Bun, 
and. phenyl, and with X = Br", CIO.", PFg", CuBr ", AgBr", 
AuBr2", AuBru", B(Ph)u", Au(S2C6H3CH3)2-, and A u C S ^ C N ) ^ " 
is reportedt The observed shifts in the C-N stretching fre-
quencies for these compounds in the infrared spectra, in the 
solid state as well as in chloroform solution, are explained 
in terms of the crystallographic position of the anions near 
the nitrogen of the cation. This results in a polarization 
of the C-N bond and hence in an increase in the C-N stretching 
frequency. 
Electric conductivity measurements made on Au(Bu dtc) X com-
plexes reveal these complexes to be 1:1 electrolytes in nitro-
benzene solutions. From these measurements the limiting ionic 
conductivity for several of the ions could be determined, e.g. 
giving AolAu(Bu2dtc)2 ] =9.1. 
The chapter is concluded with a survey of reactions and inter-
conversions among several gold(I)- and gold(III)-dithiocarba-
mato complexes. 
An equation for the voltage-current curve for a one-electron 
oxidation involving only soluble species is derived in chap-
ter V. Theoretical and experimental characteristics of what 
is traditionally called the reversibility of the electrode 
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reaction are discussed. The redox behavior of the various di-
thiolato complexes with regard to half-wave potential and re-
versibility are discussed. 
Experimental details are summarized in chapter VI. 
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S A M E N V A T T I N G 
Gedurende de laatste tien jaren ЬеЪЪеп overgangsmetaalkomplexen 
afgeleid van onverzadigde liganden met zwavel-donor atomen zeer 
sterk de aandacht getrokken, enerzijds vanvege de vele prak­
tische toepassingen van deze verbindingen, anderzijds doordat 
deze bis-chelaatkomplexen reversibele electron transfer fami­
lies [M-S,] kunnen vormen (Een komplete electron transfer 
• r ι Ζ 
familie wordt gevormd door een vijftal verbindingen ІМ-3<] 
met lading z = +2, +1, 0, -1, -2). Bijna algemeen worden de 
verschillende oxidatietoestanden welke voor het ligand kunnen 
worden genoteerd (vaak slechts in formele zin) in verband ge­
bracht met het voorkomen van deze families. Van de liganden 
met zwavel donor atomen zijn de 1,2-dithiolato komplexen het 
best bestudeerd. De 1,1- en 1,3-dithiolato komplexen vertonen 
in het algemeen niet dit opmerkelijk redox gedrag. 
Sinds enige tijd zijn interesante resultaten bereikt in dit 
laboratorium bij de studie van het oxidatiegedrag van dithio-
carbamaat komplexen. Deze hebben geleid tot de bereiding van 
verschillende komplexen waarin het metaal-ion in een abnormaal 
hoge oxidatietoestand voorkomt. Maar ook voor de groep van 1,3-
dithiolaten, en wel de bis-acetylacetonato komplexen, werd re­
cent gerapporteerd dat deze komplexen in twee êen-electron-
stappen kunnen worden gereduceerd. 
De bestudering van de redox-eigenschappen van komplexen 
[M-S'S"] waarbij het metaalatoom is gecoördineerd met zowel 
een 1,1- als een 1,2-dithiolato ligand geeft dus een waarde-
volle bijdrage aan bovengenoemde discussies. In Hoofdstuk II 
wordt de bereiding en fysische eigenschappen van enkele ge-
mengde komplexen beschreven. De komplexen M(mnt)(dtc) en 
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2— 
M(iimt)(cdc) werden bereid door de ongemengde komplexen 
2— 2— 
M(dtc)pt M(mnt) en/of M(cdc) met elkaar te laten reage­
ren. Voltammetrische studies in dichloormethaan oplossingen 
toonden aan dat de komplexen M(mnt)(dtc) deel uitmaken van 
een electron transfer familie met ζ = -1 en 0. De neutrale 
verbindingen M(mnt)(dtc) met M = Ni, Cu, Au werden eveneens 
geïsoleerd· Magnetische en spectrale gegevens wijzen erop dat 
in deze gemengde komplexen het metaal-ion is gekoordineerd 
met de zwavelatomen in een vlakke vieromringing. De half-
waarde potentialen van deze gemengde komplexen liggen onge-
veer midden tussen de waarden welke gevonden zijn voor de over-
eenkomstige ongemengde komplexen. De half-waarde potentialen 
van de M(dtc)p komplexen M = Ni, Pd, Pt, Cu zijn over een groot 
gebied verspreid en bovendien is er slechts een geringe invloed 
van de Ν,Ν-gesubstitueerde alkyl groepen op de half-waarde po­
tentialen van de M(R dtc) 9 en M(innt) (R^dtc ) verbindingen. Dit 
in tegenstelling met wat is beschreven voor de 1,2-dithiolenen, 
M(S С Η.) , waarbij voor de half-waarde potentialen bijna de­
zelfde waarden werden gemeten en er een grote invloed van de 
substituenten R op deze E-i-waarden werd gevonden. Dit wijst 
2 
er op dat er aanzienlijk minder elektron delokalizatie voor­
komt in de dithiocarbamato komplexen dan in de 1,2-dithioleen-
verbindingen. De C-N strek vibraties waargenomen in de infra­
rood spectra van de M(mnt)(dtc) verbindingen nemen met 30-1+0 
cm" toe wanneer de lading toeneemt van ζ = -1 naar ζ = 0. 
Enkele resultaten van een onderzoek naar de coördinerende 
eigenschappen van een nieuwe 1,3-dithiolato ligand worden be-
sproken in hoofdstuk III. De bereiding en karakterisering van 
de ligand hexachloronafthaleen 1,8-dithiol, C1n C 1б S2 I Í2 , a lsoolc 
van enkele daarvan afgeleide metaalkomplexen [R.N] M(S С Cl,) , 
M = Ni, Pd, Zn, worden beschreven. Metingen van het elektrisch 
geleidingsvermogen in nitrobenzeen en acetonitril tonen aan dat 
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deze metaalkomplexen zich gedragen als 2:1 electrolyten. Mag­
netische en spectrale gegevens duiden er op dat in de nikkel­
en palladiumkomplexen het metaal-ion zich in een vlakke vier-
onringing bevindt van de vier zwavelatomen. Voltammetrische 
metingen in dichloorraethaanoplossingen toonden aan dat het 
Ni(S С Clr)„ ion irreversibel wordt geoxideerd, terwijl 
voor de reduktie van de M(S С Cl^) ~ ionen M = Ni, Pd, Zn, 
dezelfde half-waarde potentialen werden gevonden (-0.82 V 
va SCE). 
In hoofdstuk IV worden de bereidingsmethoden besproken van een 
serie komplexen welke alle het bis(N,N-di-alkyldithiocarbamato) 
goud(IIl)-ion bevatten. De verbindingen Au(R dtc) X~, waarin 
R = H, Me, Et, Prn, Bu11, en phenyl en met X~ = Br", C10,~, 
PFg", CuBr2", AgBr2", AuBr2", AuBr^', BÍPh)^", A u ^ C ^ C H ^ " 
en Au(S С (CN) ) , werden geïsoleerd. 
De in de infrarood spectra waargenomen verschuivingen van de 
C-II strek vibratie gemeten aan de vaste stoffen alsook in 
chloroform oplossingen kunnen verklaard worden door de bij-
zondere positie van de negatieve ionen, welke in de vaste 
stof gelegen zijn vlak bij het stikstofatoom van het positieve 
ion. Dit resulteert in een polarisatie van de C-N binding, 
wat kan worden waargenomen in de toename van de C-N strek fre-
kwentie. 
Metingen van het elektrisch geleidingsvermogen van de Au(Bupdtc)-X 
komplexen toonden aan dat deze verbindingen zich in nitrobenzeen 
gedragen als 1:1 elektrolyten. Voor verschillende ionen werden 
hiermee waarden voor het equivalent geleidingsvermogen berekend. 
Het hoofdstuk wordt besloten met de bespreking van een reaktie-
schema waarin de verschillende reakties en omzettingen tussen 
goud(l)- en goud(III)-dithiocarbamato komplexen zijn opgenomen. 
In hoofdstuk V wordt een afleiding gegeven van een vergelijking 
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voor de stroom-spannings kurve van een êên-elektron oxidatie, 
waarbij zowel het geoxideerde als het gereduceerde produkt in 
oplossing aanwezig blijft. Theoretische en experimentele ken-
merken worden besproken van wat men traditioneel de reversi-
biliteit van een elektrode reaktie noemt. Het oxidatie-reduktie 
gedrag van verschillende dithiolato komplexen met betrekking 
tot hun half-waarde potentialen en reversibiliteitsgedrag wordt 
beschreven. 
Tenslotte worden in hoofdstuk VI de experimentele gegevens ver-
strekt. 
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